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PREFACE 


In fifteen decades, Americans have transformed a wilderness into a 
mighty nation. In all the history of the world, no people ever built so fast 
and yet so well. This will be a land of liberty, they said in the beginning, 
and as they hacked the forest, drove their ploughshares deep into the 
earth, and spread their herds across the ranges, they sang of the land of 
the free that they were making. All that they finally built upon this 
continent is founded in that faith — that here there would be opportunity 
and independence and security for any man. 

Those things are the power and the hope of this democracy. And they 
have sprung, very largely, from the goodness of our land, its capacity to 
produce rewardingly. Yet’ with astonishing improvidence, Americans 
have plundered the resource that made it possible to realize their dream. 

Moving across this country in the greatest march of occupation ever 
known, they have exploited and abused this soil. As a result, our vital 
land supply has been steadily sapped by the heavy drain of soil erosion. 

Since the first crude plow uprooted the first square foot of sod, and 
since man’s axe first bit into virgin forest, erosion of the soil has been a 
problem. It is as old as history. Down through the ages it has influenced 
the lives of men and the destinies of nations and civilizations. In the 
United States today, no problem is more urgent. 

Millions of acres of our land are ruined, other millions of acres already 
have been harmed. And not mere soil is going down the slopes, down the 
rivers, down to the wastes of the oceans. Opportunity, security, the chance 
for a man to make a living from the land — these are going too. It is to 
preserve them — to sustain a rewarding rural life as a bulwark of this 
nation, that we must defend the soil. 

This nation is still producing bountiful crops. But many thousands of 
farmers already feel the pinch of erosion. Tens of thousands of them are 
finding it increasingly difficult to eke out a living on eroded land almost 
regardless of agricultural prices. 

In other words, even in this young nation, pressure on the land already 
has become acute in many localities. Many areas have been damaged to 
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such an extent by erosion that not enough productive soil is left for the 
present population. In Puerto Ric >, portions of the Southern Piedmont, 
and the Rio Grande Valley, for example, erosion already has crowded many 
people off the land and brought others to the level of precarious subsist- 
ence farming. Some of this land can be stabilized, and some severely 
impoverished areas can be improved, but many land users must seek 
better soil elsewhere if they are to remain in the business of farming or 
ranching. Today the nation has an abundance of land, but not enough 
good land. Probaby, if there had not been so much good land in the 
beginning, there would not have developed the early idea that the produc- 
tive soil of America was limitless and inexhaustible. This erroneous 
appraisal of the land resource, passed along as a tradition, accounts for 
much of our costly steep-land tillage, overgrazing, and failure to defend 
vulnerable soil from the ravage of erosion. 

The present plight of the land brings to mind the extremes Lo which 
other countries with small areas of arable soil must go in order to make 
maximum use of every available acre. In southern Prance, for example, 
certain poor soils are utilized under a rotation of fish culture with grain 
production. In Italy, under the program of the Bonifica Integmle, many 
areas of severely gullied steep slopes are being smoothed down with 
explosives in order to reclaim them for agricultural use. Always, where 
populations have increased and agricultural lands have been exploited 
and wasted, people have looked beyond their borders for additional land. 
This urge has brought about conquests, wars, and migrations to new 
lands. Permanent agriculture has been achieved in only a few regions, for 
the most part of relatively small size, throughout the world. Some i)arls 
of the world, blessed with gentle rains, favorable soil, moderate slopes, 
native skills, and inherent love for the soil, have been held securely. 
Elsewhere—in Peru, Guatemala, Mexico, the Philippine Islands, parts of 
Europe, and China — people of primitive culture in ancient civilizations, 
bench-terraced and, in some instances, irrigated steeply sloping land. Thi) 
investment of human labor in such enterprises reached fabulous propor- 
tions: about $18,000 or more an acre, on the basis of present costs for 
human labor, went into the walled terraces and irrigation works of the 
Incas in the Andes Mountains. 

A permanent agriculture, then, is possible, even where the land is 
highly vulnerable to erosion, when people arc willing to pay the price of 
protecting it. Where the price has not been paid, civilizations have dis- 
integrated and disappeared. If necessary for survival, the American 
people undoubtedly would bench-terrace all their tilled land, as did the 
Incas, but it would be done at an undreamed of cost. Fortunately, 
American agriculture is now in a stage where heavy costs may be avoided 
by consistently working with, rather than against, natural forces, and by 
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provident action based on a thorough diagnosis of the present problems 
of land use. 

All our experience has demonstrated that erosion can be controlled in 
a practical way. The need is for forthright, determined, nation-wide 
action. Today’s necessity for public action is the outgrowth of yesterday’s 
failure to look more carefully to our land. Foresight in the last century, 
during our march of agricultural occupation, would have produced a 
different result. Today we are simply retracing our steps across this land 
in a march of agricultural conservation. '‘Soil Conservation” is primarily 
concerned with this second march. 

Looking across the background of events which led up to the present 
national program of soil and water conservation, a number of points stand 
out in the perspective of the author as prominent mileposts along the 
way. Among these are the findings of the soil survey of Fairfield County, 
South Carolina, which, in 1911, disclosed that 90,000 acres of formerly 
cultivated land had been so cut to pieces by gullies that it had to be 
classed as rough gullied land, and that an additional 46,000 acres of 
formerly rich bottomland had been converted into swampy meadow land 
because the streams, gorged with the products of erosion, had lost their 
original channel capacities. This was probably the first survey of a large 
area in America which pointed specifically and quantitatively to the 
wholesale ravages of unrestrained soil erosion. 

Another outstanding event was the publication of two bulletins giving 
the results of measurements of the rate of soil and water losses from 
definite types of land. One of these bulletins was published by the Agricul- 
tural Experiment Station of Missouri, in 19^3 (Erosion and Surface 
Runoff under Different Soil Conditions, Research Bull 68) ; and the other 
in 1930 by the Spur branch of the Agricultural Experiment Station of 
Texas (Factors Influencing Runoff and Soil' Erosion, Bull 411). 

Another step toward national recognition of the seriousness of erosion 
was the educational campaign carried on by the U. S. Department of 
Agriculture in the late 19^0’s. In this effort, Soil Erosion, A National 
Menace, Circ. 88, published in 1928, played an important part. This 
program of education aroused nation-wide interest, and on Dec. 18, 1928, 
the House of Representatives adopted, without a dissenting vote, the 
Buchanan Amendment to the Agricultural Appropriation Bill for the 
fiscal year 1980, appropriating $160,000: 

To enable the Secretary of Agriculture to make investigations, not otherwise 
provided for, of the causes of soil erosion and the possibility of increasing the 
absorption of rainfall by the soil in the United States, and to devise means to be 
employed in the preservation of soil, the prevention or control of destructive 
erosion and the conservation of rainfall by terracing or other means, independ- 
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ently or in cooperation with, other branches of the Government, State agencies, 
counties, farm organizations, associations of business men, or individuals. 


The Agricultural Bill, including this amendment, was subsequently 
adopted by the Congress. 

This amendment followed a detailed inquiry by its author, Represen- 
tative James P. Buchanan of Texas, into the problem of soil erosion and 
its prevention before the Subcommittee of the House Committee on 
Appropriations (Hearings on the Agricultural Appropriation Bill for 
1930, 70th Cong., ^d Sess., pp. 310-330, Nov. 21, 1928). 

As the result of this and subsequent appropriations, ten soil-erosion 
experiment stations were established on important types of farm land in 
various parts of the country. Information quickly acquired through these 
investigations, together with that derived from the work of the state 
experiment stations, proved a vigorous stimulant to the educational 
program. This information spread rapidly around the world and undoubt- 
edly had much to do with the present widespread interest in the problem 
of soil conservation in various parts of Africa, Australia, and other 
countries. 

On Sept. 19, 1933, the Soil Erosion Service was established in the 
Department of the Interior with $5,000,000 provided under the authority 
of the National Industrial Recovery Act. Almost immediately soil and 
water conservation demonstration projects were established in a lai'gc 
number of erosion problem areas throughout the country. Behind these 
original projects, and every one established later, was the basic, under- 
lying principle that permanent results in conservation of the soil could not 
be attained except through the coordinated treatment of the different 
kinds of land that make the farms, ranches, and watersheds of the nation, 
in accordance with their specific needs and adaptabilities. By making use 
of the various proved methods for meeting these needs, and applying 
them so that one measure would support another and so that what was 
done in one field or on one farm would coniributc protection to another 
field or farm, remarkably good results were attained. 

The great dust storm of May 12, 1934, stimulated national interest in 
the problem of erosion. This spectacular dust cloud was the first one in 
history big enough to retain its identity as it swept across the country 
from the Great Plains to beyond the Atlantic Coast. It blotted out l.h(‘ 
sun over a large part of the nation and sifted through the windows of 
New York skyscrapers. When that happened it began to dawn on the 
public that something had gone wrong with the land resource of the 
nation. 

Another milepost of historic importance was the passage of the Soil 
Conservation Act of Apr. 27, 1935, in which Congress definitely com- 
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mitted the national government to the policy of soil conservation. The 
preamble of that act reads: 

It is hereby recognized that the wastage of soil and moisture resources on 
farm, grazing, and forest lands of the Nation, resulting from soil erosion, is a 
menace to the national welfare and that it is hereby declared to be the policy of 
Congress to provide permanently for the control and prevention of soil erosion 
and thereby to preserve natural resources, control floods, prevent impairment of 
reservoirs, and maintain the navigability of rivers and harbors, protect public 
health, public lands and relieve unemployment. 

This was an historic event, as was the inclusion in the Omnibus Flood 
Control Act of 1936, of a specific provision for erosion-control and water- 
retardation work over upstream agricultural lands to supplement the 
control effect obtained with large engineering installations downstream, 
along the channels of major streams. A number 'of other acts including 
erosion-control provisions have also been passed recently. Altogether, 
Congress has made possible the launching of a great and beneficent 
program for the conservation of the nation’s most indispensable asset — 
its agricultural lands. 

Another epochal step in the history of soil conservation in the United 
States was the passage by a large number of states of Soil Conservation 
District Laws, beginning with the enactment of the first act of this kind 
in Arkansas in 1937. Under these state authorizations, districts have been 
established in many parts of the country, comprising many millions of 
acres; work in them is progressing rapidly and effectively. 

Thus, within a few short years, the problem of erosion control and soil 
conservation has been moved out from a position of comparative obscu- 
rity to become the objective of a national policy and the basis for an 
expanding program of work on the land. 

Much success and much progress have been achieved under the 
national program since its inception. Farmers generally, as well as the 
public, have approved this type of work, although its full value cannot be 
accurately determined this early. Appraisal of the importance of the land 
to national welfare demands consideration of the future and recognition 
of the land as a resource that needs to be defended forever in order that 
it may remain productive and continue to support the population. 

“Soil Conservation” explores the wide ramification of the land 
problem into many fields — physics, chemistry, and biology, economics 
and sociology, climate, soils, ecology, geography, geology, engineering, 
and others. The point is stressed that lasting accomplishment^ — a per- 
manent agriculture — can be achieved only by coordinating the knowledge 
of many sciences toward a common objective. Major emphasis is placed 
on (1) the erosion process; (^) physical effects of erosion on land, vegeia- 
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tion, and agriculture; (S) economic, social, and human-welfare aspects (jf 
the erosion problem; (4) relation of erosion to floods and siltation; (5) con- 
servation action (work on the land) ; (6) techniques, plans, and programs 
for soil and water conservation; (7) search for new and improved methods 
for defense of the soil resource and for conservation of rainfall, wildlife, 
and other resources dependent on the land; and (8) results obtained 
through (a) direct and coordinate application of conservation techniques 
and (h) education. More concisely, the primary objective of this volume 
is to present a comprehensive statement of the science and 'practice of soil 
and water conservation. Simplification of presentation is sought through 
division of the material under two major groupings: l^art 1 : The Problem; 
Part Soil Conservation. 

If this volume seems to center about the program of the Soil Conserva- 
tion Service, it is because the author is most familiar with that program, 
having had intimate association with its conception, inception, and 
development. It is fully understood that other organizations, Federal, 
state, and private, as well as individuals, have contributed a vast amount 
of fundamental information, education, and work on the land to the 
development and furtherance of various phases of the conservation move- 
ment, including defense of the soil through better land use. The term 
national program used frequently throughout the text may be open to 
possible misinterpretation. It should be explained that the word national 
as used here is not synonymous with Federal, nor does the term national 
program imply activities of the national government alone. On the con- 
trary, it is used to designate the whole soil-conservation movement, in 
which not only the national government, but also the stales and many 
private organizations and individuals, are taking a vital part. 

The author’s experience of thirty-six years’ work studying land 
problems and conducting land surveys in the United Blalcs and oLlnn- 
countries, as well as the experience of other specialists and travelers, lias 
been drawn upon in the preparation of the text. 

The toll of soil wastage by erosion would have been much greater but 
for the beneficent effects of soil-building crops, crop rotations, cover 
crops, improved varieties of crops, etc., developed through the activities 
of many patient, persistent, and able specialists and land users in this 
and other countries. To this large group of workers the naiiou owiss n 
debt of gratitude that can scarcely be paid. The author makes full 
acknowledgment to these men and women for the wealth of material that 
has been drawn upon in the preparation of this volume. Limitation of 
space has imposed severe restrictions on specific citations and credits; it 
also has necessitated laying aside much material pertinent to a complete 
treatise on the subject, as well as the details of the programs of other 
agencies engaged in related fields of conservation. Only indirect aeknowl- 
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edgment can be made of the work of a long list of those who have made 
valuable contributions in the field of soil and water conservation and 
better land use by referring to two recently published bibliographies: 
Bibliography on Soil Erosion and Soil and Water Conservation, U. S. 
Dept. Agr. Misc, Pub. 31^, 1938; and A Selected Bibliography on Manage- 
ment of Western Ranges, Livestock, and Wildlife, U. S. Dept. Agr. Misc. 
Pub. 281, 1938. 

A few of th6se to whom the author owes much for their painstaking 
assistance in compiling and preparing technical data and editing manu- 
script are: Louise M. Phillips, Gordon K. Zimmerman, George A. Barnes, 
R. H. Davis, Lois Olson, C. W. Thornthwaite, C. R. Enlow, John F. 
Preston, G. C. Dobson, Ernest G. Holt, W. R. Van Dersal, T. B. Cham- 
bers, C. L. Hamilton, F. J. Crider, E. A. Norton, H. E. Middleton, W. C. 
Lowdermilk, A. J. Pieters, G. W. Musgrave, C, F. Sharpe, J. A. Bonsteel, 
R. A, Winston, C. E. Ramser, Angus McDonald, S. W. Cosby, W. A„ 
Rockie, A. H. Paschall, H. G. Lewis, E. J. Carpenter, R. L. Boke, E. A. 
Kinnear, Arnold Davis, Morrill Tozier, S. B. Detwiler, and Jess Davidson. 


Washington, D. C., 
November^ 1939. 


Hugh Hammond Bennett. 
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PART ONE 

Soil Erosion 






Chapter I. The Problem in the 
United States 


The Virgin Land 

The earliest settlers arriving on the North American continent found 
a land richly endowed by nature and virtually unexploited by man. 
Except in an inconsequential way, the aborigines had done little to 
cultivate this land or change its virgin character. Before the gaze of the 
transplanted Europeans lay a vast wilderness teeming with apparently 
inexhaustible stores of game, fish, fur, timber, grass, and soil. Across the 
broad expanses of the country, from semitropical to boreal climates, from 
humid to arid regions, spread an infinite variety of soil types, topographic 
and climatic conditions, and vegetative types and patterns. Almost 
everywhere the fertile land supported some kind of vegetation — trees or 
grasses, shrubs or chaparral. In all but a few scattered barren areas, 
dense stands of perennial plants sheltered the ground from the elements 
and enriched it with their decaying material. Soil nourished vegetation, 
and vegetation protected soil, in a compact of mutual advantage and 
growth. 

Rains fell on the land, and snows melted with the changing seasons; 
but water tended to move slowly over the ground surface, checked aneJ 
kept clear by the tangled canopy of vegetative growth. The deep, humus- 
charged, granular topsoil, perforated even into the subsoil by decaying 
plant roots and burrowing earthworms, insects, and animals, soaked up 
the raindrops, which filtered down to nourish the growth of vegetation 
or to replenish underground reservoirs and springs. Rivers ran clear, 
except in flood, when abrasive rushing waters tore soil from the banks, 
sometimes muddying even the Missouri and the Mississippi. Generally 
speaking, however, the natural circulation of waters was a uniform and 
orderly process. Flood heights and silt-laden streams were the spasmodic 
exceptions in a land of prevailing harmony and balance. Topsoil was 
removed from the land surface no faster than it was built up from beneath 
by the slow, complex processes of nature. 

1 
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The March of Occupation 

Into this virgin land the eager colonists entered with energy and 
enthusiasm. They began a transformation of the earth’s surface that is 
probably without parallel in the history of the world. The occupation of 
the continent was accomplished not through steady infiltration of popula- 
tion into undeveloped regions but rather through a remarkably rapid 
advance over a wide front by farmers, stockmen, prospectors, miners, 
trappers, loggers, explorers, and adventurers. Along the line ol advance, 
there was little thought of conservation or of depicting resources. With a 



Fig. 1. — The trees, underbrush, and inaL of leafmold in Uus Maryland ai’(‘a of virgifi 
land have anchored this soil safely to the landscape. Nearly all the rainfall is ubsurlx'd. 
(Photograph by Soil Conservation Service,) 


country of immense potential wealth beckoning for (leveloprnont, 
it is small wonder that the emphasis lay, unconsciously, on sp(H^(ly 
exploitation. 

For a time, the advance was checked by an extensive bolt of forest land 
(Pig. 1) bordering the Atlantic and eastern Gulf. Gutting, girdling, and 
burning acres of timber required hard work and patience. For more than 
a hundred years, settlement was largely confined to a rolativ(‘ly narrow 
strip lying along the Eastern seaboard. Eventually, however, with iluj 
pressure of new population from Europe, the westward trek began. 
Moving slowly at first, the pioneers set to work on the virgin forests with 
axe and fire. Little by little, the land was cleared for farmsteads; vast 
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quantities of timber were burned at the ^'logrollings” of the settlers; trails 
and roadways were opened into the heart of the continent. 

By about 1830, most of the better land east of the Mississippi was 
occupied. Then, across the grasslands lying west of the river, the migra- 
tion moved at a much swifter pace. Over vast areas the prairie sod of the 
tail-grass country was broken with amazing speed. Before long the 
short-grass country of the Great Plains was also invaded, first by buffalo 
hunters, then by ranchmen, and finally by farmers. By *1890, most of the 
better lands lying within the borders of the United States had been 
settled. After little more than 200 years from the beginning of the west- 
ward movement, the last frontier was dissolved in the Pacific Ocean. 

History records the daring of the early pioneers, who blazed the path 
for a new nation, and the heroic suffering of the settlers who followed. In 
many respects it is a thrilling story of adventure, hardihood, and courage. 
The march across the continent was accomplished in the face of great odds 
and sometimes at tragic costs in human misery. It was followed by a rapid 
and energetic development in agriculture, industry, commerce, trans- 
portation, and communications, which finally produced one of the greatest 
nations on the face of the earth. 

Depletion of Natural Resources 

Both the march of land occupation and the ensuing national develop- 
ment were accompanied, however, by a prodigious wastage of the 
resources with which nature originally stocked the land. The white 
inhabitants of this country, in their "conquest of the wilderness” and 
their "subjugation of the West,” piled up a record of heedless destruction 
that neaidy staggers the imagination. Slopes once clothed with mighty 
forests now lie bare and stark. Formerly rich lands are riddled with gullies 
(Fig. 2). Level plains country that once supported lush stands of native 
"short” grasses is overgrown with weeds or covered with shifting sands 
left in the wake of dust storms. 

What caused this tragic transformation? What happened to the 
bountiful land that inspired early explorers to enthusiastic comment and 
rhapsodic description? The answer lies largely in a false philosophy of 
plenty, a myth of inexhaustibility, which prevailed generally for many 
years and persists, in some quarters, even at the present time. 

Yet in the time of our forefathers this was a normal, perhaps an 
inevitable, reaction to environmental conditions. Nearly everywhere the 
early settlers faced rich farm and grazing lands (Fig. 3) which stretched 
away as far as the eye could see. There was every reason to conclude that 
the agricultural domain was limitless and inexhaustible. Free land 
extended to the far horizons. Occupation was encouraged by the Fe{leral 
Government, by the territories and states, by railroads and land com- 
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panics. Go West, and take your choice of free land o 
advice to young and old. It was a dramatic era — an e 






Pig. 2. — This maze of gullies, which crosses an entire county in the Southern C'oastal 
Plain and cuts through portions of two adjoining counties, has permanently destroyed 
more than a hundred thousand acres of some of the best land in the locality. The original 
gully began about 60 years ago in a cultivated field. Stewart County, (leorgia. {Photo- 
graph by Soil Conservation Service,) 




Pig. 3.— Sweetwater County, Wyoming, presented this scene to the Ilaydeu Kxpodil ion 
in 1870. Thick grasses grew nearly everywhere at that Lime, with trees in the stream 
bottoms. Streams flowed clear and soil erosion was of no importance. 

For a hundred years the settlers came by ox cart> covered wagon, and 
railway. For a hundred years this hurried settlement of the West absorbed 
the rapidly increasing population of the nation. It wEvS only natural that 
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those who took over the West, like those who occupied the East, should 
look upon the grasses of the virgin prairies, plains, and tablelands and 
upon the trees of the valleys as nothing more than obstacles in the way 
of human progress. 

The fact remains, however, that much of the land was abused, mined, 
and ravaged. In the tuz*moil of national growth, abundant resources were 
reduced to a state of impoverishment or near-extinction. Buffaloes were 
slaughtered by the thousands, merely for their hides. Trappers took their 
harvest of pelts without restriction or restraint. Protective forests were 
cut from sloping hillsides and entire watersheds ; immense areas of grass- 
land were broken or bared by the onrushing settlers with their plows and 
their livestock. Minerals were extracted, and their wealth dissipated in a 
surge of exploitation. 

The story of the passenger pigeon is characteristic. The last of these 
birds died in a Cincinnati zoo in September, 1914. Ornithologists say that 
once this species was one of the most abundant game birds ever known in 
any country. Their flights frequently darkened the skies ; the branches of 
trees are said to have been broken off by the very weight of their numbers 
settling to roost. Yet within a few generations, the legions of this species 
have been effaced from the earth. Should man dwell upon this planet for 
millions of years, he would never behold another passenger pigeon. 

In like manner, other valuable resources have been exhausted and 
continue to be exhausted. What the final result will be in terms of the 
national economy no one can predict with accuracy. One fact, however, 
is eminently clear. The potential wealth and living standard of this 
nation, or of any nation, depend ultimately on its store of natural 
resources. If, through carelessness and neglect, these resources are wasted 
beyond a certain point, the whole structure of national achievement 
must be impaired. 


Soil Erosion 

Out of the long list of nature’s gifts to man, none is perhaps so utterly 
essential to human life as soil. And topsoil is the most vital part of soil 
(made up of topsoil plus the layers beneath). Lying at an average depth 
of about 7 or 8 inches over the face of the land, this upper layer of the soil 
is the principal feeding zone of the plants, which provide food for human 
or livestock consumption, fiber for clothing, and timber for shelter. Boil 
constitutes the physical basis of our agricultural enterprise; it is a dne qua 
non in the production of practically all food (except fish), ot* all fiber 
(without exception), and of all wood (without exception). Under many 
conditions, however, it is the most unstable of all major natural resources. 

Water or wind, in moving across the ground surface, exerts an abrasive 
force which picks up soil particles and carries them away in suspension. 
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In a natural, undisturbed environment, the dense cover of vegetation 
(Fig. 4) retards this surface transposition of soil to a pace so slow, gener- 
ally, that new soil is formed from the parent materials beneath as rapidly 
as the finished product (topsoil) is carried away from above. Under such 
conditions, the removal of topsoil is known as normal erodon, sometimes 
referred to as geological erosion or the geologic norm of erosion. 1 1 is a normal 
process, proceeding with the tediousness of centuries. It abrades at one 
place and builds (aggrades) at another. In slowly sculpturing the high- 
lands of the world, it contributes material for the development of alluvial 
plains, valley fills, and aeolian deposits. 



Fig. 4. — Native grasses provide an excellent protection for (he soil of (lii.s Oklahoma area. 

{Ph<)tograj)h by ^^oil Conacrvalion Service.) 

Where the land surface is bared of protective vegetation as it nmst 
be under cultivation — the soil is exposed directly to the abrasive' action 
of the elements. Transposition processes of an extremely rapid ordc'r are 
set in motion. Stripped of the protective cover tliat normally anchors soil 
to the landscape, this indispensable material freciucnily is moved a 
thousand times faster than under natural conditions. T\uh aeccdc'raled 
phenomenon of soil removal is known as mril enmmi. Unless st(^ps an' 
taken to check its progress, it becomes the most potent single factor in the 
deterioration of productive land. 

This volume is primarily concerned with processes, effects, and cuin- 
trols involved with soil erosion— the accelerated culling away <;f land 
resulting from man's occupation and use. Fundainentals having to do 
with this abnormal process and its rate of progress, as wcdl as with 
methods for its control or prevention, cannot be understood, eviduated, 



THE PROBLEM IN THE UNITED STATES 7 

or adequately planned for, however, without an understanding of basic 
processes and rates pertaining to the geologic norm of soil removal. The 
final answers to all the questions involved cannot be given now ; neverthe- 
less, much valuable information has been acquired through the instru- 
mentalities of research, surveys, and practical work on the land. 

Wastage of Soil in the United States 

National habits of waste in this country have nowhere been exhibited 
more flagrantly than in the use of agricultural land. From erosion surveys, 
soil surveys, and other measurements of soil losses, it is estimated that 



Pig. 5. — Severe erosion in this Oklahoma field where the crop rows ran downhill. {Photo- 
graph by Soil Conservation Service.) 


erosion in the United States already has ruined, or seriously impoverished, 
approximately million acres. From an additional 775 million acres, 
erosion has stripped away varying proportions of the fertile topsoil. 
Considering only cropland, it is estimated that erosion has ruined 
about 50 million acres for further practical cultivation. Another area of 
cropland approximating 50 million acres is bordering on the same condi- 
tion. Nearly 100 million acres more, still largely in cultivation, has been 
severely damaged by the loss of from one-half to all the topsoil. On at 
least another 100 million acres of cropland, erosion is getting actively 
under way. 

Examining the details, it must be admitted that there was in this 
country a large aggregate area of inferior land to begin with, much of 
which was so obviously poor that it has never, to this day, been touched 
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by the plow. Vast areas in the West were too rough, too steep, too stony, 
or too arid for any use other than limited grazing or forestry. In the East 
there were large tracts too steep, too stony, too wet, or too sandy for 
plowing. 

Nevertheless, many fundamental principles of sound land use wore 
grossly violated — tens of thousands of acres of excessively steep land wore 
plowed. Within 10 years, 20 years, 50 years, more or Ics.s, the soil has been 
washed away, and a condition of permanent, or near-permanent, ruin is the 
result. Even where the land itself was not too steep for a limited and 
conservative agriculture, farmers waded in with plow and axe, stripped 
nature’s protective cover from the ground (Fig. 5), and indiscriminately, 
without regard for the future, laid bare the rich soil to the erosive forces 
of wind and water. This was not done maliciously but simply without 
thought of the consequences. 

Soil an Irreplaceable Resource 

Lack of foresight and restraint, starting in the early Colonial period 
and continuing through the present day, has created in tliis country a 
land problem of tremendous implications. What makes the siLualion so 
grave is the irreplaceable nature of soil. Once this valuable ass(!L l(;avos a 
field, it is as irretrievably lost as if consumed by fire, as far as that 
particular field is concerned. It cannot be hauled back economicailly even 
though temporarily stranded only a short distance <Iown the slope. A 
thousand tons would be required to cover one acre to a dcijth of 7 inches. 

Soil is reproduced from its parent material so slowly that we may us 
well accept as a fact that, once the surface layer is washed olf, land so 
affected is, from the practical standpoint, generally in a condition of 
permanent impoverishment. As nearly as can be ascerlaine<l, it takes 
nature, under the most favorable conditions, including a good cover of 
trees, grass, or other protective vegetation, anywliero from BOO to 1 ,000 
years or more to build a single inch of topsoil. When 7 indues of topsoil 
is allowed to wash away, therefore, at least 2,000 to 7,000 years of natureds 
work goes to waste. The time involved may be much longer; the building 
of the second inch may require many more years tlian tlie l)uilding of the 
first inch at the surface, and so on downward. Studies of old orodc'd arc'as 
abandoned to trees or other types of vegetation indicate that the ])uild- 
ing of soil by the natural process generally j)rocoe(ls from the surface 
downward. 


Widespread Damage of Erosion 

Probably the most reliable picture of the extent of ero.sion in (his 
country can be obtained from the results of a nation-wide reconnaissance! 
survey, made by the Soil Erosion Service of the United States Depart- 
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merit of the Interior during the summer of 1934. The figures gathered at 
that time, together with more detailed studies in numerous problem 
areas, make it possible to estimate with reasonable accuracy the amount 
of land affected in varying degrees. The survey revealed that erosion is 
much more widespread in the United States than had previously been 
imagined. Some evidence of its damaging effects was found over more than 
a billion acres of crop and grazing land. 

, In addition to the 50 million acres of cropland now virtually useless for 
further production, because it has been stripped of topsoil or riddled with 
gullies, another 150 million acres of arable land has declined far enough 
to make farming difficult or unprofitable. Over an additional area of nearly 
680 million acres of all kinds of land, traces of water erosion are now 
discernible; and on much of this land the damage is constantly increasing 
in severity. Finally, a large area, located in the Great Plains from Texas to 
North Dakota and in other parts of the West, is characteristically subject 
to wind erosion, wherever exposed through the activities of man. The 
survey indicates that this form of erosion is active in some degree over 
more than 200 million acres of farm and grazing land. 

Annual Losses of Soil 

Available measurements indicate that at least 3,000,000,000 tons of 
solid material is washed out of the fields and pastures of America every 
year. It is estimated that about 730,000,000 tons of solid matter is dis- 
charged annually into the Gulf of Mexico by the Mississippi River alone. ^ 
These materials come largely from the farms of the Mississippi Basin; as 
alluvial deposits, they form land richer than the flood plains of the Nile. 
But the sediment entering the oceans represents merely a fraction of the 
soil washed out of fields and pastures. The greater part is piled up or 
temporarily lodged along lower slopes, often damaging the soil beneath; or 
it is deposited over rich, alluvial stream bottoms or in channelways, 
harbors, reservoirs, irrigation ditches, and drainage canals. 

Losses of Plant Food 

The vast quantity of our soil wasted every year contains 92,172,300 
tons of the five principal elements of plant food (phosphorus, potassium, 
nitrogen, calcium, and magnesium), as computed from the average of 
analyses of 389 samples of surface soils collected throughout the country 
(1.55 per cent potash, 0.15 per cent phosphoric acid, 0.10 per cent nitro- 
gen, 1.56 per cent lime, 0.84 per cent magnesia).^ Of this total, 43,361,000 
tons consists of phosphorus, potassium, and nitrogen, the principal 

^ Lower Mississippi River Delta, Louisiana Dept. Cons., GeoL Bull. 8, 193C. 

^ Bennett, IL H., and Chapline, W. R. Soil Erosion a National Menace, U. S. DepL 
Agr., (lira. 88, 1928. 
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ingredients of commercial fertilizer. According to estimates,! approxi- 
mately 668,000 tons of phosphorus, potassium, and nitrogen was used in 
the United States during the fiscal year ending June 30, 1934. The same 
authority estimates the value of commercial fertilizers sold in the United 
States during the calendar year 1934 at $158,500,000. 

In other words, erosion removes from the country’s fields and pastures 
every year available and potential plant food amounting to about sixty 
times the available plant food returned to the soil in various forms of 
commercial fertilizers, assuming 1934 to be a fairly representative year 



Fig. 6. — Subsoil. Hard, dry, and baked by the sun, this land has litllo value for pro- 
ductive purposes. The topsoil was blown off this Texas field to the depth of plowing. 
{Photograph hy Soil Conservation Service.) 


with respect to fertilizer usage. Furthermore, erosion removes not only 
the plant food itself but actually the entire body of the soil'’-~plant 
nutrients, humus, beneficial microscopic organisms, and all otlu^r con- 
stituents. Plant food can be restored to soil worn lean by cropping or 
leaching; but when the soil itself is washed into the streams and oceans, 
nature can rebuild its counterpart only after centuries of activity. 

Subsoil Farming 

Where farmers operate on land stripped of its vitally important 
surface layer of topsoil (Fig. 6), they frequently have but the slimmest 

1 Mehring, A. L., and Smalley, H. R. Survey of Idant Food (Jonsuniiilion in the 
United Stales for the Year Ending June 30, 1994i.'' National Fertilizer Association, Wash- 
ington, D. C., 1935. 
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opportunity to make a satisfactory living, whether prices are up or down. 
They have, in short, been reduced to the status of subsoil farmers; and 
subsoil farming too often is the equivalent of bankrupt farming on 
bankrupt land. According to measurements on a variety of types of 
important agricultural lands, the productivity of these eroded slopes, as 
compared with the original soil, has been reduced by 35 to 97 per cent. 

In the last analysis, soil is the raw material of agriculture — the pri- 
mary source of its output. Without it a farmer has no more chance of 
producing a satisfactory crop than an automobile manufacturer has 
of turning out motor cars without steel or rubber. Nevertheless, many of 
these subsistence or submarginal farmers, operating on erosion-impover- 
ished land, continue to produce something and, in the aggregate, enough 
to compete, in a price-depressing way, with those farmers who are tilling 
good land. 

Indirect Damage of Erosion 

Aside from the destruction and impoverishment of farm land, erosion 
has indirect consequences which threaten the permanence of investments 
amounting to billions of dollars in navigation, power, municipal water 
supply, and irrigation developments. Products of surface wash and gully 
excavation are carried away by storm waters and often deposited in 
stream channels or reservoirs. Yawning gullies concentrate rainfall and 
discharge it at maximum speed to gorge the channelways of tributaries 
and trunk streams with destructive floods. As erosion strips away the 
absorptive top layers of soil, rainwater finds more difficulty in penetrating 
the frequently less permeable layers lying beneath. In many sections of 
the country, the effects of drought on plant life have been aggravated by 
progressive soil removal. 


Cost of Erosion 

Conservative estimates indicate that the annual monetary cost of 
erosion in the United States amounts to at least $400,000,000 in terms of 
lost productivity alone. This loss already totals probably not less than 
$10,000,000,000; and unless erosion is effectively curbed, the probable 
future costs will be equally gigantic. The annual $400,000,000 direct loss 
would, within fifty years, accumulate to not less than $^0,000,000,000; 
and since unrestrained erosion progresses at an increasing rate (the subsoil 
usually being more erodible than the topsoil), the cost may extend to 
$30,000,000,000 or beyond. To this would have to be added huge losses 
due to (1) clogging of great reservoirs and shoaling of stream channels 
with the sedimentary products of erosion; (£) the abandonment of irri- 
gated areas dependent on reservoirs ; (3) the virtual abandonment of large 
agricultural sections; (4) the economic devastation of large western areas 
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dependent on grazing; and (5) the disintegration of rural communities 
and transfer of large farm populations to relief rolls or to new means of 
livelihood. Furthermore, soil wasted by erosion is irreplaceable; accord- 
ingly, from the long-time view, from the standpoint of a nation that 
would be permanent, the real value of land is indeterminate. 

History of Erosion 

Accelerated erosion of the soil is not merely a recent threat to human 
security; it is as old as agriculture. In all probability, it began when the 
first rain struck the first furrow turned by a crude implement in the hands 
of prehistoric man. It has been going on ever since, wherever man's efforts 
to gain a livelihood from the soil have led him to remove the natural cover 
of protective vegetation. 

History is largely a record of man's efforts to wrest the land from 
nature, because man relies for sustenance on the products of the soil. Yet 
too frequently man’s conquest of the land has bcexi disastrous; over 
extensive areas, his culture of the earth has resulted in extreme inqxover- 
ishment or complete destruction of the very soil resources upon which he 
is dependent. When this has occurred on a wide scale, the consequence 
has been the disappearance of civilization from the affected region. Recent 
archeological evidence indicates that erosion doubtless played a large part 
in undermining and obliterating many ancient civilizations in Africa, in 
the Near East, and in Central Asia. 

SusceplibiliLy of the Uniled States 

In 1934, the United States had, according to available statistics, 
approximately 414 million acres of cropland, including idle fields and 
plowable pastures. Of this total area, about 100 million acres was in corn, 
28 million in cotton, and 20 million in i)oUU)es, tobacco, sorghums, and 
other clean-tilled crops that leave the soil exposed to wind and rain during 
the growing season. In Europe, excluding Russia, there is approximately 
the same number of acres of cropland as in tlie ITnited Htates, hut only 
65 million acres is devoted to row crops, as ce)Tnpare(l with 250 million 
acres in this country. In other words, the United i^lales, with about the 
same area of cultivated land as western Europe, exposes two and a lialf 
times as many acres to the more serious forms of erosion. Moreover, tJie 
rains over much of Europe do not come in sucli sudden, dashing down- 
pours as over most of that part of the United States where clean tillage is 
practiced. This combination of dashing rains and vast acr(‘ag(‘s in row 
crops in the United States is largely responsible for the presxml t(*rrific 
erosion damage. 
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Disappearance of the Frontier 

In short, little has been left undone to accentuate the gravity of 
the erosion problem over a large portion of continental United States. The 
plain truth is that Americans, as a people, have never learned to love the 
land and to regard it as an enduring resource. They have seen it only as a 
field for exploitation and a source of immediate financial return. In the 
days of expanding frontier it was customary, when land was washed, 
cropped, or grazed to a condition of impoverishment, to pull up stakes and 
move on to fresher fields and greener pastures. Today such easy migration 



Fig. 7. — Sand dune in the Great Plains formed by wind erosion. (Photograph hj Soil 

Conffcrvalion S ervice.) 


is no longer possible. The country has expanded to the full limits of its 
boundaries, and erosion is causing a progressive shrinkage of the tillable 
area (Fig. 7). The early frontier psychology of land treatment must be 
abandoned once and for all. In its place a new frontier has appeared. A 
restricted area of land — an indispensable area, subject to still further 
restriction by the inroads of uncontrolled erosion — has taken the place 
of a former abundance of land. Now, man must move rapidly over this 
diminishing area in order to clear away not trees or prairie grasses but old 
methods of wasteful land use and substitute therefor new methods of 
conservation that will provide security for the soil and for those living 
by the soil. 
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Necessity for Erosion Control 

As matters now stand, control of erosion is the first and most essential 
step in the direction of correct land utilization on about 75 per cent of the 
present and potential cultivated area of the nation. Looking to the future, 
it appears, on the basis of past experience, that within the next hundred 
years at least 100,000,000 acres of the remaining valuable agricultural 
land will become severely impoverished through erosion unless adequate 
protection is provided. This progressive impoverishment, if permitted to 
continue unchecked, eventually will reduce the fertile area of farm land 
from the present total of about 450,000,000 to not more than about 150,- 
000,000 acres. Such an area might easily prove insufficient for the main- 
tenance of a satisfactory national standard of living. And beyond a 
hundred years, which is not a long time in the life of a nation (or should 
not be), rain and wind will still be moving soil from vulnerable areas. 

In other words, accelerated soil erosion presents the nation, not 
merely the individual farmer, with a physical land problem of enormous 
importance to the continuing welfare of agriculture in particular and the 
entire social structure in general. Moreover, beyond this whole land 
problem exists the intimate physical relationship of eroding land to 
mounting flood heights and to damaging silt deposits. No permanent 
solution of these latter two problems appears possible without better 
control of runoff all the way from the crests of ridges down across tlie 
watersheds, where floods originate and silt loads arc picked up, on to the' 
very channelways of streams and i*ivers. (h)ntrol of runoll means control 
of erosion; the one necessarily involves the other. 

Techniques of Erosion Control and Water Conservation 

Over a period of many generations, farmers in America and in foreign 
lands have developed, largely by a process of trial and error, a number of 
devices and practices for the control of erosion and the retardation of 
runoff. In recent years, agricultural technicians have studied these 
measures, tested their effectiveness under varying conditions, and made 
some valuable improvements. Today there is a practical solution, or a 
partial solution at least, for virtually every erosion problem with which 
the farmer or stockman may be confronted. 

Responsibihty for Soil Defense 

Conservation of the soil, in a national sense, requires the adoption of 
sound land-use principles and practices by agriculture as a whole. The 
attainment of this objective involves the widespread use of physical 
measures of land defense and the adjustment of certain economic and 
social forces tending to encourage exifloitatiou of the soil. 
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The responsibility for such a national program falls upon both the 
nation and the individual. National responsibility involves the protection 
of society’s interest in a natural resource of vital importance to the whole 
people. Government functions properly in discharging this responsibility. 
Equally strong, however, is the interest of the individual in the land that 
he owns. National action may be led and aided by government, but the 
soil must be conserved ultimately by those who till the land and live by 
its products. Without a widespread recognition of this latter responsi- 
bility, any governmental program of soil conservation must be doomed to 
eventual futility and failure. 





Chapter II. Erosion and Civilization 


Erosion, A Phase of Agricultural History 

The history of soil erosion is an integral pari of the liistory of agri- 
culture. Primitive farming, the world over, is closely adaj)ted Lo the 
environment in which it develops and has little pcrmanenl effect on the 
land itself. Accelerated erosion begins when the demand for land excc'eds 
the primitive supply; agricultural expansion begins with the c()mi)etitioii 
for land thus developed. Such competition is almost as old as history itself. 
The earliest account of it comes from the Bible. ^ flaiu was a tiller of the 
soil, and Abel the keeper of the sheep. Cain brought as an olTcu-ing the 
fruit of the ground, but the Lord was wroth, whereas Abel’s gift of 
the firstlings of the flock met with favor and rcsi>cct. Tlum followed the 
slaying of the herdsman by the jealous farmer. Up through tlu' ages this 
rivalry of farmer and herdsman has continued. Kveiitually, in a modified 
form, it appeared in the Great Plains of North America. 

Farming of the north European type was introduced by the colonists 
along the Atlantic seaboard and spread westward with tin- agri(tidtural 
frontier. In the West, cattle were introduced from Spain via Mexico, and 
the range pushed northward and eastward. In the Great Plains tin; two 
systems eventually came into conflict. The rcsiilt lias been some of the 
most serious erosion that has occurred on this continent. I'arming, over- 
grazing, and low rainfall conspired to m-eate the “ Dust Bowl.” 

Like agriculture in general, ero.sion has its roots in the past, and its 
processes are regionally interdependent bccau.se many of them are scd. in 
motion by the introduction of new crops and farm jiraelices. Agrienllure 
advanced by borrowing and adapting to the local environmenl farm 
practices that had been developed in other regions. Wlien Ihe colonists 
came to the Eastern seaboard of the United States they cultivaU'd nalivc' 
crops, but their methods of cultivation were lho.se dc.signed for n.si' niidm- 
conditions of the gentle rainfall and the comparativedy smooth tofiograriliy 
of English fields. No adjustments were made in these methods to oonforin 
to soil or slope conditions. 

*Gen. 
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The agricultural traditions of both Spain and England were hybrid in 
nature. The Spanish practices were derived from North Africa, through 
the Carthaginians and the Moors, who had adopted earlier Phoenician 
crops and farm practices. Many of these crops and practices had been 
developed still farther east and were introduced into Phoenicia by way of 
Syria and Mesopotamia. In the later middle ages, England was faced with 
the danger of food shortage and for the improvement of agriculture turned 
to Roman sources. Roman practices were based in part on the experiences 
of older agricultural areas at the eastern end of the Mediterranean and 
in Mesopotamia. 

The earliest known writings on the subject of agriculture date back to 
about 3000 b.c. They come from the lower delta of the Tigris and 
Euphrates Rivers, an area that in prehistoric and early historic times 
served as a center of dispersal of agricultural knowledge. 

The Beginning of Erosion History 

Mesopotamia: The Cradle of European Agriculture 

In Mesopotamia, normal erosion from the Assyrian highlands and 
deposition in the lower reaches of the rivers followed the retreat of the 
great ice sheets. The alluvial deposits at the mouths of the rivers were 
exceptionally fertile. Here, exploitive agriculture, accompanied by the cut- 
ting of the forests at the headwaters of the rivers, began before the 
dawn of history. Erosion was accelerated by man’s activities, but the 
exact extent cannot be determined definitely. In flowing over their delta, 
the Tigris and the Euphrates had a natural tendency to shift their courses. 
During the period of Babylonian supremacy, they were close enough to 
permit the construction of irrigation canals which headed in the Euphrates 
and drained into the Tigris. The irrigation waters spread the sediment 
carried by the rivers; and where it was deposited, the land gradually 
became higher. In consequence, when the rivers were forced to shift their 
courses they moved away from each other. The increased difficulty of 
irrigation and the decline in agriculture that resulted were definitely 
determined by the use of the land. 

In early postglacial times, the Tigris and the Euphrates flowed into the 
Persian Gulf near Hit and Samarra, some 600 miles north of the present 
shoreline. The period of continuous tradition began about 3000 b.c. By 
this time, Ur and Eridu, which tradition reports as originally seaports, 
had become inland cities. Since then the shoreline has moved some ^00 
miles farther south (Pig. 8). The Karun River, flowing westward from the 
Persian highlands (Fig. 9), also contributed its silt to the Persian Gulf 
and built up a bar which extended eastward from Basra and protected 
lower Mesopotamia from the inroads of the sea. The Tigris and Euphrates 
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Rivers had deposited their silt farther north, and the water behind the 
bar was free from sediment but dark in color and rich in chemical matter. 
It was here that the Chaldeans settled in prehistoric times. The soil was 
extraordinarily productive but subject to inundation during the rainy 



Fig. 8, — Mesopotamia — ^past and present, {lloidaed by Hail Consarvalion Hvrmro,) 


season. Tor protection the Chaldeans built many miles of immen.se dikes 
100 feet or more in width. Similar environmental condition.s are encoun- 
tered today but farther to the south along the Shatt cl Arab. 

As irrigation agriculture spread to the land farther up the rivers, the 
problems of flooding and sedimentation became more serious. The j)owcr- 
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ful communities farther north in the delta resorted to the only means that 
they knew for protecting themselves against floods and at the same time 
preventing the accumulation of sediment in their canals. This consisted 
of completely shutting off the water from certain branches of the rivers 
by earthen dams. While protecting the area farther upstream, those in the 
lower delta were subjected to increased sedimentation and higher floods. 

From Bagdad south for a distance of nearly ^00 miles, the level of the 
Euphrates is higher than that of the Tigris, and the ancient irrigation 
canals drained eastward from the Euphrates to the Tigris. In the lower 
reaches, the Shatt el Hai carried the main volume of the Tigris. Here, too, 



Fig. 9. — Remains of a stone structure (center) surrounded by skeletonized land. South- 
western Persia. {Courtesy Heed Ilaythorne.) 


the rivers were close enough to permit drainage between them, and the 
intervening area was honeycombed by irrigation canals. The remains of 
their courses can be found today, but it is evident that all arc not of the 
same date. The conquering armies of Babylon brought back with them 
hosts of slaves, whose chief duty was to keep the irrigation channels free 
of silt. In spite of an abundance of labor, the ditches filled with sediment 
and were obliterated by subsequent cultivation. 

As the height of both cultivated fields and river beds was gradually 
increased, the tendency of the rivers to shift their courses became more 
pronounced. The Shatt el Hai built up its bed until it became higher than 
the land to the east of it, and eventually the main channel of the Tigris 
shifted eastward. This increased the distance between the rivers in some 
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places by more than 50 miles. The development of irrigation in the lower 
delta today requires the restoration of the former Hai channel. 



Fia, 10. — Above, abandoned parts of Lbe city of Samorra, McHopolnmia, and sur- 
rounding fields are now covered with blowing sand, as shown in foreground, ilelow, the 
summer palace of Harun-al-Rasliid, Mesopotamia, surrounded by a wasl.e of water- and 
wind-eroded land. {Courtesy H. I. Cozens.) 

Along the Euphrates, the irrigated fields lay to the east of Lbe river. 
Irrigation waters were drained to the east, and the flood waLer.s allowed to 
escape to the west. Babylon was protected from floods by two large 
natural depressions, the Habbania and the Abu Dibis. The Ilindiya ('iuial 
provided additional protection by diverting the water to the west of 
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Babylon. During the dry season it was barricaded by a temporary dam, 
which was constructed and destroyed yearly, a task requiring the labor 
of 10,000 slaves. Sedimentation was most rapid along the Hilla, or main 
branch of the Euphrates. Today the main stream flows through the 
former Hindiya flood outlet. This shift has increased the distance between 
the Tigris and the Euphrates as much as 35 miles in places, and the 
difficulty of constructing connecting irrigation canals has been increased 
proportionally. 

Near Beled, north of Bagdad, the flood waters of the Tigris were 
turned into a large basin with a hard bed of conglomerate underlying a 



Fig. 11. — Ruins of Tel Asmar, Mesopotamia, and the irrigation works that once .surroiiiidcd 
it (faint lines). {Courtesy Reed Ilaythorne.) 


thin alluvial deposit. The three heads of the famous Nahrwan Canal, 
whose construction is commonly attributed to Nimrod, led from the 
upstream side of the dam. The dam was maintained for 3,000 years and 
was not destroyed until about 600 or 700 years ago, during the later 
caliphate days (Fig. 10). Since its destruction, the channel of the Tigris 
has shifted to the east, and the lands near the head canal, formerly among 
the most fertile of the Tigris Valley, have been so badly cut by ravines and 
gullies that, according to Sir William Willcocks,^ their restoration today 
is not financially practicable. 

1 Willcocks, Sir William. ‘‘Irrigation of Mesopotamia.” London and New York. 1017. 
Accompanied by atlas. 
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In the past, the outlet basins and canals along the Euphrates provided 
effective protection against floods; but along the Tigris, floods were never 
satisfactorily controlled. The three flood basins of the ^Hgris and Eu- 
phrates Eivers had a combined capacity of nearly 5 million acrc'-fecd of 
water, of which about a fourth was available for irrigation during the dry 
seasons, but even this was insufficient for the delta when there was heavy 
irrigation upstream. The competition for water supply was a major cause 
in the constant struggles between Babylonia and Assyria lor political 



Fig, 12. — It was necessary to dig about 15 fot'L or inore lo roach I ho lops of I ho ruinn 
of the ancient city of Khorsabad, Mesopotamia. The covoring maiorial (-oiihesIh of wiful- 
blown soil. Khorsabad is supposed to have lain buried for 2,(500 yoars. {(\mrlcHy Ihrd 
Haythorne.) 

supremacy and resulted in repeated abandon in cm t of euliivab^d land. It 
was during the periods when Babylon was strong enough lo eonlrol llu* 
whole of Mesopotamia that agriculture was ino.sl flourislung in llu‘ low<‘r 
delta. After 500 b.c., when PerKsia controlled both rivers in tludr enlindy, 
Babylonian agriculture again prospered. 

Wherever irrigation channels were neglected or destroyed by invading 
armies, the adjacent fields became deserts. To the northeast of Bagdad 
is a desert of blowing sand in which stand tlie rnins of a gronp of eiti(*s 
and extensive irrigation canals. Their existena^ clearly deinonslraU's (hat 
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the area was once productive and prosperous. Among these cities was Tel 
Asmar which is now being excavated by the Oriental Institute of the 
University of Chicago (Fig. 11). Vegetation could not survive after 
abandonment of irrigation, and dust storms increased in violence. The 
ruins of ancient cities are today covered with wind-borne debris, and the 
expeditions of the Oriental Institute encountered in their explorations 
storms that carried dust to heights of over 15,000 feet. After a 30-hour 
sandstorm it is not uncommon to find that inches of sand have been blown 
into the excavations.^ 

Assyria, to the north of Bagdad, is a country favored more by position 
than by local environment. Its rainfall, less than 20 inches annually, 
comes chiefly in the winter, and droughts are frequent. As the political 
power of ancient Assyria grew, population increased, and the need for 
cultivated land and extensive pastures became more imperative. Summer 
sandstorms were frequent even in early times (Fig. 12), and winter rains 
washed soil from the sloping lands, leaving bare rock exposed. This may 
explain in part the need for the westward expansion that began in the 
second millennium b.c. and for the control of the trade routes from Assyria 
to the Mediterranean. 

Routes of Communication between Mesopotamia 
and the Mediterranean 

The first trade route to develop between Mesopotamia and the 
Mediterranean was that from Antioch to the great bend of the Euphrates. 
The country through which it passed was lacking in sedentary popula- 
tions, but the mountain regions bear witness to ancient forests that were 
known to the Assyrians. The cutting of this timber, before the beginning 
of written history in Mesopotamia, is in part responsible for the height 
and violence of the floods of the Euphrates and for the sedimentation 
in the lower delta. The chief products transported by the Euphrates were 
building stones, asphalt, and lumber from the Taurus, Amanus, and 
Lebanon Mountains. 

The longer, though more practical, route lay along the piedmont south 
of the Taurus Mountains and stretched in a northward-bending arc from 
Assur and Nineveh, at the head of navigation on the Tigris, to Antioch. 
Because food for men and fodder and pasture for animals could be secured 
along the way, this was the route most commonly followed by armies. 
The slightly heavier rainfall of the piedmont was supplemented by streams 
fed by melting snow from the mountains to the north. By 2000 n.c., the 
Babylonian Empire had extended to the Mediterranean Sea. As a result 
of this expansion, improved methods for conserving water by the con- 

^ Wilson, John A. Letter to W. C. Lowdermilk, Mar. 17, 1937. 
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struction of reservoirs and irrigation canals were introduced into Syria 
and were accompanied by agricultural advancement southward toward 
the desert of northern Arabia. 

The piedmont was a much coveted trade route and was conquered and 
reconquered by Babylonians, Assyrians, Egyptians, Persians, Greeks, and 
Romans. Today much of the area is barren, unproductive, and swept by 
spring floods and summer dust storms. The cities have been deserted, and 
the soil washed from the fields. Most of the deterioration of the land must 
be attributed to neglect resulting from the disastrous eirects of successive 
conquests and to the decline in trans-Syrian trade following the downfall 
of the Roman Empire. 

Farther south lay the third important trade route, leading from 
Antioch, Damascus, or the cities of Transjordania through Palmyra to 
Dura on the Euphrates. The importance of the desert cities did not 
emerge until later Hellenic times; and under Roman protection, trade 
developed rapidly and agriculture thrived locally. To a large extent both 
were artificially created and lasted only until Roman protection ceased. 
When the trade with the East shifted to the sea routes, cities declined, 
fields were abandoned, and wind erosion increased. The ruins of cities and 
aqueducts have been covered by sand, but the character of the region as a 
whole has been changed but little. According to Alois Musil,^ tln^ desert 
oases of today could support a population as dense as that of the past if a 
strong political power was established. 

Early Agriculture in Palcslhio, Phoenicia, and Syria 

From the beginning of history, the lauds at thc^ eastern end of tin* 
Mediterranean Sea have been the homo of settled agihuiltural ])eople. 
Forests covered the higher slopes of the Amanus and Lebanon Mountains 
and of Mount Hermon. The rain falling in the highlands sank into the 
ground, percolated through the limestone bedrock, and ciruTged lowtjr 
down the slopes as permanent springs. Because tr(‘(vs w(‘r(^ scarce on the 
lowlands, the mountain forests were regarded witli rciligious nwerencic. 
To Abraham and other early nomadic chieftains, the ])Ianting of trec‘s ncuir 
a spring was an act of virtue. The destruction of groves by fire was a 
punishment sent from heaven, and the destruction of fruit or olive tnnvs 
during war was an unpardonable offense. 

The mountains at the east end of the Mediterranean originally were 
forested, but cultivation and animal lnisl)andry gradually encroac^lied on 
the woodland. Today all of the Mediterranean lands show a lower j)ropor- 
tion of forests than their climate and mountain relief would suggest. 

^ Musil, Alois, “NorLhern Negd,” Am. Geog. Soc. Oriental /CxploralionH and ^iudivit 
5, lasts (see App. X, pp. 304-319). 
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The Hebrews were at first a nomadic, pastoral people, but after 
settling in the Promised Land of Canaan they adopted the agricultural 
traditions of their predecessors. The limited lowland areas were reserved 
for crops; the pasturing of horses and cattle there was forbidden by law 
until the time of David and Solomon, when more extensive pasture lands 
were added to the country by conquest. Sheep and goats were relegated 
to the hill pastures and were a serious factor in preventing the natural 
regeneration of the forests. 

The rainfall of the region is concentrated during the winter months and 
is followed by a long dry summer period. In Palestine, a single storm often 
changes a trickling wadi into a torrent. When Barak was battling against 
the troops of Sisera,^ Jehovah saved the Israelites by sending a sudden 
flood which overwhelmed the troops of Sisera and mired their chariots. 
Recently H. V. Morton^ encountered similar flood conditions in traveling 
from Antioch to Selucia. Two miles out of Antioch his car was mired and 
had to be towed out of the mud by the oxen of a near-by plowman. The 
next day he set out again on horseback, in hopes of fording the river. This 
time he was stopped by the flood waters of a small tributary to the Orontes 
and was forced to postpone the trip until the flood subsided. 

The removal of the forests increased the number and violence of the 
floods. As the water ran ofl the cleared slopes, it carried with it the soil. 
Today treeless slopes, with bare rock exposures, form one of the most 
characteristic features of the landscape. 

Trees like those described in the Bible are still found in places and 
indicate that climatically the area is capable of reforestation; but on many 
of the slopes practically all of the soil has been washed away, and com- 
plete re vegetation is impossible. Weitz,^ in discussing plans for the 
reforestation of Palestine, recommends the planting of native trees and 
carobs in the hills which, owing to the erosion of the slopes which has 
gone on for centuries — ever since the Jews were exiled from Palestine — 
and to the continuous felling of fruit and forest trees,'' have been brought 
to their present denuded state. 

The erosion of the highlands has been accompanied by rapid sedi- 
mentation along the lower river courses. In excavating at the base of the 
mountains near the site of ancient Antioch (Fig. 13), archaeologists have 
had to dig through as much as 28 feet of water-borne debris to uncover 
the remains of the former splendor.^ At the mouth of the Orontes, the 

1 Judges 4:15, 5:21. 

2 Morton, H. V. ‘‘In the Steps of St, Paul.’* New York. 1936. 

^ WeiLz, J. An Afforestation Plan for Palestine, Palestine and Middle East Boon. Mag.^ 
VoL 8, pp. 391-394, 1937. 

^ In a letter to H. II. Bennett, Oct. 8, 1934, William A. Campbell said; “The site ol 
ancient Antioch is located between a range of low mountains, an offshoot of the Casian 
Range, and the Ox’ontes River, so that the depth of the deposition varies from 7 m. to 
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sediment carried down by the river has converted the old port of Sclucia 
into dry land, and the present city is located 5 miles north of the river 
mouth. The sediment carried down by the Orontes today can Ix' identified 
far out in the Mediterranean Sea (Fig. 14). 



Fia. 13. — Excavaling ancient Antioeli, Syria, from bciK'ath a (•<)V(‘ring of erosion 

(Courtcuy Heed Ilaylltorne,) 


In the past, ei'osion and deposition were controlled, to a larf<c cxU^iiU 
by the use of crosion-eontrol practices. Tlie construction and (udtivulion 
of irrigated terraces comprised Pliocnicia’s chief con lnl)n lion to tlio 
agricultural development of the Mediterranean lauds. Traditionally, tlie 
Greeks acquired their knowledge of irrigation from Plioeuieia, where 
Hercules and Cadmus, the founder of Boeotia, derived tlunr skill, hi 
Palestine, the remains of irrigated terraces are found around C.antud, 

8.50 m. along the mountain, range to .10 m. to .9,5 in. in llic along lli<‘ river. Frac- 
licaliy all of the deposit ha.s been caused by the unoonlrollefl erosion of I In* inounlnin range. 
Following the great carLh(iuakes of the sixth eeiitiiry A.n, and I he Ih'rsinn invasion of 
540 A.n. large areas of the city wore abandoned, and the debris of I he demolilitfU gradually 
covered by water transported soil and gravel from Ihc inoimlains lo (he depiliH noled above. 
This deposition has been frequently broken through by the trem'hes <»f ualiv(*s searching 
for building stone and for marble to burn into lime. Such ficliviticbs are mark(‘d by irregular 
strata of chipped stone. 

*‘The valley and the district over the ancient city is at present inl(‘n.siv(*ly farmed 
within the limitations set by primitive implements and agricultural praeliees. The Hurfae(‘ 
of the soil is merely scratched by a home-made wooden plow pulled by oxen, the grain 



Fig. 14. — ^Eroded uplands near Antioch, Syria, partly terraced for agricultural purposes. 
Note sediment of Orontes Eiver extending far into the Mediterranean (light color), (Cour- 
tesy Geographical Review,) 


religious law. To some extent this may explain why agriculture was able 
to flourish in Palestine even under unfavorable environmental conditions. 

The political unrest of the second century A.n. resulted in the destruc- 
tion not only of the engineering works but also of the agricultural tradi- 
tions of Palestine. Trees were cut, winter rains washed the soil from the 


crops are reaped and threshed by hand, and alternate strips of land are left fallow each year. 
Only the vegetable crops are fertilized and these by manure of all kinds and decomposed 
garbage from the town. The covering of the formerly inhabited areas by the erosion of the 
mountain has added to the area of tillable soil available, but there is no attempt to control 
the erosion or the rapid run-oft* of water following a rain. Consequently, crops near the 
mountain are frequently washed out or covered by water-transported soil, and during 
the dry season they suffer a good deal from lack of moisture. There is no doubt that the 
agriculture of the district has regressed greatly since ancient times due to the uncon- 
trolled water erosion and to the inferior agricultural methods of the present inhabitants.” 
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slopes, reservoirs were destroyed, and the neglected irrigation channels 
filled with sediment. The former productivity of the cultivated slopes 
cannot be completely restored, even with the more advanced scientific 
knowledge of today* 

Probably the worst destruction at the eastern end of the Mediter- 
ranean occurred near Antioch. The countryside is drained by the Orontes 
River and its tributaries. These tributaries rising in the adjacent wooded 
mountains furnished a water supply even during tlu* dry suniiiKT months. 
After the forests were cut, an extensive systcun of lerraees and irrigation 
and drainage canals, combined witJi scientific dry fanning, effectively 
reduced erosion. Traces of five terraces can still be seen, and sonic of the 
old water channels are today being used by the more intelligent fanners. 
The productivity of the area was renowned throughout the ancient world. 
Oil and choice wines were exported l>y way of the Orontes River. In addi- 
tion to its agricultural assets, Antioch was llie t(‘rminus of the routes to 
Babylonia, India, and China and was an outstanding commercial center. 
According to Libanius of Anticxli,^ the city in fiOO a.d. had a population 
of 400,000. All the forces of nature contribul(‘d to her bene fib--** soil, 
streams, and a temperate climate-- and farmers could be? seen driving 
their plow oxen almost to the summits of the mounlains. The fall of 
Antioch shortly thereafter caused the deciiuo of both coinnuu’ce and 
agriculture. In 1004 the population of Antioch, including the army post, 
was but 28,000. The surrounding hills are liare and rocky, and fields are 
cultivated by farmers who use a primitive type of i)low which merely 
scratches the surface of the earth. 


Erosion in (Jnu’ic.c 

Knowledge of terracing and irrigation was inLrodiu’ed into (i recce 
from the lands at the eastern end of the Mediterramutn, but the date of 
their introduction has been lost in a maz(‘ of mythology* Wlu^n Ih^rcules 
cleaned the Augean staliles and slew the Hydra, he wiis confining the 
untamed waters into channels so that they would S(*rve rather lluui 
destroy the works of man* This is the first account of irrigation in (irccH'c. 
Before this, the Greeks had been a pastoral jieople. With the improvement 
of agriculture they were gradually converted into fanners. Their hilltops 
were forested and covered with soil, and the f(Tlil<‘ valleys ])roduce<l a 
surplus of' grain. Forests similar to lho.se of Greece^ during the age of fable 
still can be seen on some of the smaller islands of the Aegc^an vS(ui; but in 
Cyprus and Crete, the stepping stones Ixfiween Greece and Phcxuiicia, the 
forests have been cut down, tlie Ixills have been overgrazed, the soil has 
been washed from the slopes, and the marshy areas at the mouths of 
the rivers have increased in size* 

1 Bouchier, E. S'. “A Short History of Antioch,” p* 13. London. lOSil, 
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As population increased, more farming land was needed. Gradually the 
forests of Greece were cut down and converted into fields. By the ninth 
century b.c. the land problem had become acute, andLycurgus of Sparta 
formulated the first Greek land tenure laws. About 600 b.c., corresponding 
laws, attributed to Solon, were enacted in Athens. As more farm land was 
needed, colonies were established. Most of these, like Libya and Sicily, 
were grain producers; the island colonies served as way stations along the 
routes of the grain trade. With the founding of colonies, the Greek states 
experienced a gradual shift from grain production to the growing of some 
of the more valuable crops, such as the olive and the vine. Although grain 
could be produced more cheaply in the colonies than in Greece, the grain 
trade was constantly endangered by war, piracy, or severe storms. 
Because of this, the Greek states were always near the margin of starva- 
tion. In Thessaly and Boeotia, where there were proportionally larger 
areas of level land, grain production continued. In the other states, 
the land had been deteriorating progressively under cultivation until 
grain could no longer be grown at a profit. Such deterioration was noted 
by Xenophon,^ who, in the fifth century b.c., commented on the profit 
that he was able to secure by purchasing old, worn-out farms, restoring 
them, and later reselling. 

Direct evidence of erosion in ancient times is lacking in Greek litera- 
ture, but there are references to current agricultural practices. The arts of 
dry farming and irrigation had developed long before the Greek states 
became sea powers. Fields were commonly cultivated and left fallow in 
alternate years, the fallow land being plowed three to five times during the 
winter. The "‘thrice-fallowed field’’ is mentioned by Homer, and Hesiod 
called the fallow “the guardian against death and ruin.” Deep plowing, 
also, probably was used at the time of Homer, and the Thessalonians 
employed a special digging tool, the mischum, which served much the same 
purpose as the subsoil plow in this country. 

Plowing was regarded as the essence of good farming. The furrows 
were plowed in straight lines and then cross plowed obliquely. So frequent 
were the plowings and so close the furrows that it was considered unneces- 
sary to harrow a well-plowed field. Straight furrows were a sign of 
good plowing. This seems to have originated among the Persians, and 
Xenophon holds up as an example to the Greek farmers the straight 
furrows of Cyrus. Such practices left the soil particularly susceptible to 
washing. As in the semiarid sections of North America, the chief concern 
in Greece was adequate moisture for crops; the condition of the soil was 
overlooked. Theophrastus summed up this attitude by saying, “It is the 
weather rather than the soil that determines the harvest.”^ 

^ Xenophon. “The Economist,” XX, 22-26. 

^ Semple, E. C. “Geography of the Mediterranean Region,” p. 297. New York. 1931. 
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Many of the rivers of ancient Greece were characteristically muddy 
and deposited large amounts of sediment. The Greeks understood the 
principles of deposition and correctly attributed to this cause Ihe locking 
of islands to the mainland. Hecatacus of Miletus (500 n.c;.) was i)r()bably 
the first to describe Egypt as the “gift of the Nile,’’ a description current 
to the present day. With this as background, it is not surprising that the 
Greeks underestimated the attendant dangers of erosion in the highlands 
and of the increase in malarial swamplands near the river mouths. 

When Alcmaeon, after slaying his mother, lied from Arcadia to escape 
the vengeance of the gods, the Pythian i^riesLess advised liim to seek ihe 
newest land that had been formed if ho were to escai)e the avenging s])irit. 
Accordingly, he settled on the delta of the Aclieloiis Riv('r. '^riie sediment 
being deposited at his time had already given rise to the tradition that 
all of the Echinadian Islands, near its mouth, would soon be lied to the 
mainland. The process was never com]>leted. In the secoml (ieiitiiry a.d. 
Pausanias^ commented on the clear water of the river, lie attributed this 
to the shift from cultivation to grazing along its headwaters, a sliift 
resulting from ravaging of the region and the destruction of irrigation 
works by war. To prove his point, he contrasted tliis with (‘ouditions 
along the Meander River which “flowing through the lands of Plirygia 
and Caria, which are plowed every year . . . has in a short time turned 
the sea between Priene and Miletus into dry land.” Similarly, tlu' (‘ity of 
Tarsus in Cilicia, once visited by (deopatra’s fleet, is now 10 miles inland. 

The Greeks, however, did little to check the growing (‘vil. The 
philosophizing on the subject of agriculture, wliicli became [)opubir in the 
later periods, referred generally to the })ractiees of preceding gemerations 
as the ideal and contained few exhortations to farmers to (‘xp(‘rimenL 
further. 

Occasionally, conservation of soil and wa-ter was praeticted bnt usually 
for other purposes. The trade on which tlic states thrived was (k^pendent 
on wooden ships. Government control of the lumber trade, tlu^reforts 
developed at an early date for the pur])OHc of preserving tlu^ forests and 
maintaining a local supply of wood. Frecpiently, high mountains W(‘re 
sacred to the gods, and forests were spared because of rc^ligious motives. 
To a small extent these forests helped to regulate the riinoir and r(‘(lne(‘d 
both the flood hazard and soil erosion. 

Erosion of the sloping lands of Greece continues to the ])resent. During 
his three archaeological expeditions to (’orintli. Professor T. L. Shear- 
found it necessary to remove over 21,000 tons of erosion del}ris from the 

^ Pausanias. ‘‘Description of Greece/’ VIII, 24, 

2 Shear, T. L. Excavations at Corinth in 1025, Jm. Jour. Archaeology (2(1 nor.), 
Vol. 29, pp. 381-397; also, Excavations in the Tlieater District and 'Tonibs of ('oriiilh in 
1928, Am. Jour. Archaeology (2d ser.), Vol, 32, pp. 474- 405. 
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theater alone. In August, 1906, a heavy rain washed such great quantities 
of mud into the excavations at Peirene that the Greek government had to 
clear it away and build a wall above the diggings to prevent a repetition 
of the catastrophe. Again in 1925, a week’s time was required to remove 
debris that had washed into the excavations and to construct protective 
dikes. At another time, work at the theater in Corinth was delayed a week 
in order to protect a bit of mosaic pavement that was in danger of being 
washed away. 

At Athens, also, there is evidence of erosion. On the top of the 
Acropolis there is no soil at all. Only on the south and west sides, where 
the theater and the Byzantine wall have formed a barrier, is there any 
accumulation of soil. It seems unlikely that the bare, rocky hills of Greece 
could today support a culture comparable to that of the past. 

Erosion in Ancient Italy 

Early records reveal that the Greeks, who in the eighth century b.c. 
settled in the country that is now Italy, found there wooded mountains 
and fertile lowlands. Even then, Greece was dependent on a foreign 
food supply, and the forests of Italy supplied timber to maintain the 
navies. Sicily was known as the granary of Greece”; later, grain cultiva- 
tion spread to the peninsula of Italy. 

Among the early Greek settlements in Italy, Sybaris^ was outstanding. 
For 200 years no Hellenic city could compare with it in wealth and 
splendor. Although it was located in the lowland between the mouths of 
the Sybaris and Crati Rivers, it was renowned for its salubrious climate 
and productive fields. In 510 b.c., Sybaris was attacked and conquered 
by the neighboring Crotonians. They destroyed the irrigation works, 
released the waters of the Crati River, and flooded the city. By this time, 
the forests of the adjacent mountains had been cut down, and floods, 
which were characteristic of the region, could no longer be controlled. 
Each flood brought with it sediment which was deposited in the lowlands. 
The Crati and Sybaris Rivers originally had separate mouths. Today they 
unite 3 miles from the sea. As channels were blocked, the rivers overflowed 
and created marshes which formed breeding grounds for the malaria- 
carrying Anopheles mosquito. The plains became uninhabitable, and the 
farmers were forced to cultivate fields higher up the slope, thereby 
increasing both erosion and flood hazards. For hundreds of years the 
lowlands were abandoned, and even the site of ancient Sybaris was 
unknown. 

The destruction of the Sybarite culture was accelerated by conquest 
that released the forces of nature; but throughout Italy deforestation and 
the cultivation of the slopes resulted in more frequent floods. Fields, once 

^ Ringland, A. MussoliniV SybariLes, Am. Forests, Vol. 39, pp. 291-297, 334, 1933. 
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cultivated, were converted into uninhabitable swamps, and the farmers 
were forced to cultivate land higher up the slopes where there was greater 
danger of erosion. 

ThroughouL the Mediterranean region, the winter storms were fol- 
lowed by sweeping floods. Vergil describes such a flood, probably from 
experience encountered on his father’s farm: ‘‘The swift moving flood 
from the mountain stream overwhelms the flelds, lays low the smiling 
crops, wipes out the work of the oxen, and sweeps the forest with it 
headlong.”^ Deforestation also contributed to the severily of and increase 
in number of floods. According to Semple,^ deforestation caused an in- 
crease in the floods of the Tiber River, which eventually led to i)rop()sals, 
at the beginning of the Christian era, to create artificial lakes to hold 
back the flood waters. They were not constructed, because they would have 
required the flooding of some of the most fertile lands of the area. Instead, 
an additional channel was dug for the lower Tiber to permit the rapid 
drainage of flood water. 

In the Italian peninsula, the rainfall was greater than that of (Jreece, 
and the climate was better suited to grain production. Romo was at first 
a nation of small farmers, and the size of the farms was determined by the 
amount of land that could be well cultivated by the landowner and his 
familia, which consisted of his immediate family and possibly a few slaves, 
Roman literature began wiLli the discussion of tlie theory of agriculture 
based on the experience on small farms. When (’iucinnalus was call(‘d to 
become dictator, he was found plowing liis 4 jiiijera (al)ouL acres) of 
land on the Vatican Hill. 

Erosion proceeded slowly; and with a nation of cartdnl fanners, there 
was an opportunity of develoi)ing control measures before the land had 
become ruined. As in Greece, the first concern was to secure' anade<iuate 
water supply. Irrigation and dry farming were the accepted pruetices. hi 
the irrigation channels, sediment acciunulated rapidly, and the clearing 
of the ditches was one of the farmer’s most im])c)rtant duties. On feast 
days, when other farm labor was prohibited, the clearing of drainage 
canals was permitted. The Romans also recognized the relation l)(d.ween 
cultivation and soil removal. Erontiiius, in the first century a.u., (Con- 
sidered that the water of the Anio (hinal, which flowed Ihroagl^ (cultivated 
land, was too muddy for any use other than watccring tlu' Roman gardens,’'* 

Rome, atfirst, was able to produce most of its agricultural n(‘('(ls locally 
and, in consequence, was a nation of fanners rather than traders. Good 
farming was regarded as the highest of accomjflishmenls. To attain this 

^ Vergil. Acneid, II, 305. 

^Semple, E. C. “The Geography of the Mediterranean Region,” pp, 110 111. New 
York. 1931, 

3 Prontinus. Aquis Romae,” I-IX. 
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goal, the Roman authors searched the literature of the past, and of other 
countries, in order that farmers might profit by wider experience. Cato, 
Varro, and Pliny built upon the work of their predecessors, and punctilious 
care was given to documentation. Columella, in addition, drew upon the 
experience of farmers in his native Spain. VergiFs writings were regarded 
by his contemporaries as a compilation of the best practices of his own 
times and of preceding generations. 

All these authors consistently urged that farmers experiment further, 
that practices be adapted to individual needs, and that the success of 
crops demanded that the nature of the soil and the slope be considered. 
This to some extent enabled the Romans to avoid the less satisfactory 
practices of the past, but straight furrows continued to be a mark of good 
farming. Pliny, ^ who lived from a.d. ^3 to 79, emphasizes this by advising 
the plowman ‘‘never stop to take breath in the middle,’’ or the furrow will 
be crooked. But other recommendations are included: “Upon a hillside 
furrows are to be drawn transversely, only. ... It is a good plan, too, 
to leave a channel every now and then if the nature of the spot requires 
it, by making furrows of a larger size, to draw off the water into drains.” 
Here is one of the very early recommendations for contouring and what 
amounted to a form of field terracing, such as is used today. 

Lucerne, or alfalfa, was particularly favored as a forage crop. The 
Romans traced its origin to Media and its introduction into the Mediter- 
ranean region to the wars with the Persians. Lucerne was valued because 
its deep roots broke up the soil, but it was early recognized that “it 
fertilized the ground as well as any manure.” The same properties were 
recognized in beans, lupine, vetch, and other leguminous crops. The bean 
and vetch were regarded as exceptions to the general rule of frequent 
plowing, since they could be sown without turning the soil at all, thus 
saving labor and at the same time reducing the susceptibility of the soil 
to washing. 

Lucerne normally yielded from four to seven cuttings a year and some- 
times as many as nine. According to Pliny, a single sowing would last for 
30 years. Columella considered 10 years the average life of a field but 
commented on the fact that the one sowing might last for 20 years. In 
either case, it added nitrogen and humus to the soil, served as a soil 
binder, reduced the frequency of plowing, and by so doing reduced 
erosion. Vergil also mentioned a simple form of rotation consisting of 
fallow, grain, and legume. Although he considered the fallow more desir- 
able, he conceded that, if it were not practical, grain could be sown on the 
land directly after vetches or beans, since “all of these have a tendency 
to make the soil more fertile.” Lucerne was introduced via Rome into 


^ Pliny, “Natural History,” XVIIl, 49. 
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northern Europe. In the United States, it was introduced by the Spaniards 
under the name alfalfa, derived from the Moors. 

The period of conquest and empire building brought with it a change 
of agricultural conditions in Italy. North Africa and Egypt together 
contributed two-thirds of the Roman grain supply. Against thi.s, the 
Roman farmers could not compete. During the period ol the («racchi in 
the second century B.a., the distribution of cheap or free grain was 
introduced. Once established, this custom could not lx; broken, even 
though its evils were recognized. By the time of Julius (kiesar, over 


r 



Fig. 15, — Overgrazed and eroded mountain slopes in norllieru Jtidy. {dourli'nif Ifallan 

(kwernment.) 


200,000 people in Rome alone were receiving free grain. (Hieap grain from 
Africa caused the ruin of the small farm in Italy, despite all efforLs of the 
agrarian party to revive it. On the large landholdings, or latijundia^ 
other crops were found to be more profitable than grain. Aec;ording to 
Mommsen,^ the raising of cattle became more profitable in Italy than 
any type of crop production (Fig. 15); second in rank W(^r(‘ vc'gcdablo 
gardens and olives; and fodder crops and grain produeiion yielded the 
poorest returns. 

After the Second Punic War (200 b.c.), the vine became increasingly 
important in Roman agriculture. As olive and vine culture inc'.rcNised, the 
Romans turned to the countries that had been producing Lhcun for a 
longer period in order to discover the best methods of cultivation. In this 

1 Mommsen, T, “The History of Rome.” Vol. F, p. 445. New York. J8S7, IViins. by 
W. P. Dickson, 
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the Carthaginians excelled; and in consequence the Romans translated 
the entire ^8 volumes of Mago, the Carthaginian, into Latin. These were 
the only Carthaginian books ever deemed by the Romans worthy of 
translation. With the fall of Rome, these books were completely lost, and 
our knowledge of Mago’s works is derived from the Roman authors who 
quoted him. 

A shift from grain production to animal husbandry might be expected 
as the size of the farms increased and labor became scarcer. The olive 
and the vine, however, both required more intensive care. The gradual 
increase in their production would indicate an actual change in the 
character of the land. At the beginning of the Christian era it was current 
opinion that the land of Italy was worn out, and the deterioration of field 
agriculture was acknowledged. Although Pliny dissented from this 
opinion, it has been widely accepted by modern as well as Roman authori- 
ties. The soils of the country were notably durable and had remarkable 
recuperative powers. Apparently, the period of decline in Roman agricul- 
ture served as a fallow period for the countryside at large and permitted 
the region to recover for the use of later generations. 

North Africa: Erosion on the Desert Margin 

Carthage, from which Rome obtained her most valuable information 
on vine and olive culture, had an entirely different historical background. 
At first, the cities of North Africa thrived on trans-Saharan trade exclu- 
sively. Carthage, situated at the east end of the Atlas Mountains, was 
surrounded by land of such fertility that the Phoenicians abandoned their 
commercial traditions and developed an agricultural colony; this agricul- 
ture, however, was based on the productivity of the land around Carthage 
and not on that of the continent to the south. Cultivation was of a highly 
intensive type, and no more land was tilled than could be cared for 
adequately. The profits from this type of agriculture were large, and the 
erosion hazard slight. 

Early descriptions of North Africa reflected the plantation system of 
agriculture. Herodotus,^ writing in the fifth century b.c., says that 

‘‘Libya is not to be compared for goodness of soil to Asia or Europe, except for 
the Cynips region, which is named after the river that waters it. The land is 
equal to any country in the world for cereal crops, and is nothing like the rest of 
Libya. For the soil here is black and springs of water abound; so that there is 
nothing to fear from drought; nor do the heavy rains (and it rains in that part of 
Libya) do harm when they soak into the ground. The returns of the harvest come 
up to the measure which prevails in Babylonia. The soil is likewise good in the 
country of the Euesperite [Berenice], for there the land brings forth in the best 
years a hundredfold. But the Cynips region yields three hundredfold.” 

^ Herodotus, IV, 198 . 



36 


SOIL CONSEKVATION 


Yields as great as those described by Herodotus were occasionally 
found for single plants, but so exceptional were they that they were 
brought to Italy as curiosities. 

After the Third Punic War (149-146 n.c.), the cultivation of grain for 
export increased rapidly around Carthage and throughout North Africa, 
partly because of the growing requirements of Italy and i)artly because 
the establishment of peace prevented further depredations by the nomads 
of the deserts to the south. The area of wheat cultivation wa.s never large. 
In Cyrenaica, it extended inland tor a distance of about .50 miles; back 





Fig. 10. — The oasis village of Halah, souIIutti Algeria, ciivclnpcd ]>y Hhifdrig .sand dinicH, 
{(U)uHeHy (feoympkical liviuvtn,) 


of Carthago the area was more extensive, but imicli of the laud along the 
Libyan coast produced no grain. The inlro(hi(;tion of the camel made 
possible the cultivation of wheat farther inland, around the de.sert oa.ses. 
As cultivation was extended toward the de.sert, the luiKard of wind erosion 
increased. As long as adequate supervision was maintained and an 
abundant supply of slave labor was available to earc! for the acjneducts 
and irrigation canals, the land was protected against wind c'rosion by a 
crop cover. Neglect of the aqueducts was followed by land abandonment 
and increased erosion. To some extent, agriculture survived the Vandal 
invasions, but much land was aban<lone<l, and the labor supj)ly dt'clincd. 
Then followed Moorish invasions, and thereafter famines are r('i)orted 
more frequently (Fig. 16). 
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With the establishment of Byzantine power about 400 a.d., an effort 
was made to restore to Africa the prosperity that it experienced under 
Rome. The recovery was not complete, partly because the civil admin- 
istrators so oppressed the people that they were willing to aid any 
invaders. A more important cause of failure was the wastage of the land 
that followed the destruction of the irrigation works. The desert gradually 
began to resume the appearance that it had before the founding of 
Carthage. After the decline of the Byzantine Empire, the cities fell to ruin, 
sands from the desert covered them with shifting dunes, the walls of the 
wells caved in, and the irrigation works were destroyed by invaders. In 
less than a hundred years the work of seven centuries was completely 
destroyed. So complete was the ruin that another thousand years elapsed 
before an effort again was made to cultivate the land. 

Today, some areas are in much the state that they were at the time the 
Phoenicians settled there in the sixth century b.c.^ In others, cultivation 
destroyed the humus that had required centuries for its formation; 
the soil was loosened by plowing; and wind storms converted the culti- 
vated fields into expanses of dune-covered waste, thus artificially extend- 
ing the desert area and making it permanently unfit for cultivation. This 
theory is held by Gautier, ^ the great authority of today on Saharan 
conditions. The chief factors that contributed to the extension of agricul- 
ture in North Africa were improved transportation resulting from the 
introduction of the camel and the establishment of peace under the 
Romans. 

It is also probable that centuries of irrigation lowered the water table 
to such an extent that irrigation was no longer possible. The opening of 
new wells may have tapped the artesian water supply and, although 
making cultivation possible in new areas, reduced the acreage of cropland 
in others. This suggestion is advanced by BalP for the oases of the Libyan 

^ In interpreting conditions in the past, there is a tendency to misconstrue statements. 
The meanings of words often change during a period of a century or more. For example, 
Ihe word “granary” to the Romans frequently implied “storehouse.” When an area is 
spoken of as a granary of Rome, it may have produced crops other than grain. In the 
Byzaceiie region of modern Tunisia, there is evidence that little grain was ever cultivated. 
The products were the olive, the vine, and fruit trees. The groves and forests mentioned by 
the Romans were probably orchards, and grain was raised only in limited areas where 
irrigation was possible. That trees were not the natural vegetation except in the mountains 
or particularly well-watered sections of the plains is indicated by the description of the 
areas by Sallust. It was after his time that agriculture was introduced into the area. With 
the abandonment of the orchards at the end of the Roman dominion, the land gradually 
reverted to its natural state, and current descriptions of the area are almost exact dupli- 
cates of those of Sallust. 

^ Gautier, E. F. “The Sahara: The Great Desert.” New York. 1935. Trans, by Dorothy 
Ford May hew. 

3 Ball, J. Problems of the Libyan Desert, Geog. Jour,, Vol. 70, pp. 5^1-38, 105-128, 
209-224, 1927. 
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deserts. He points out that the remains of Roman cultivation are not all 
of the same date. This would imply shifting of population in relation to a 
changing water supply even in ancient times. Wherever the land had 
been cultivated the sand was particularly susceptible to blowing after 
it was abandoned. Drifting continued actively until sufficient humus and 
vegetation could accumulate to hold it fast. 

The End of Roman Agricultural Supremacy 

The fall of the Roman Empire was a major factor in the d<‘cliric of 
agriculture in North Africa and the countries at the eastern end of the 
Mediterranean. In Europe, the effects were equally far-reaching. The 
agricultural hegemony of Rome was completely destroyed. The popula- 
tion was seriously reduced by wars; the peace, so essential to agricultural 
development, was ended. Even the Roman literature on agriculture, 
including the translations of the works of Mugo the (hirthaginian, was 
lost. During the Middle Ages, the traditions of Roman agriculture were 
retained only in a few of the monasteries. Not until the sixteenth century 
was there a general renaissance of agriculture in hhiropc. 

Erosion in the East 

The Rise and Fall oi^ Persian AcnucJui/puHE 

In the ancient world, agricultural progress followed the lines of com- 
munication. Prom Babylonia, agricultural j)raclices spread northward 
into Assyria and eastward to Phoenicia, (ireece, and (hirlluige. In the 
Mediterranean region, agriculiuro attained its highest dcvelopnunit under 
the Roman Empire. To the east, Persia wa>s Babylonia’s nean^sl neigli))or. 
The Persians, who introduced the horse into Mesopolainia, were originally 
a nomadic, pastoral people wandering over the sLej)pcH of w(‘st(‘rii Asiji, 
and through them the first contact with tlie Far East was estal)lisluMb In 
this way peaches were introduced from (Ihina, and chickens from India. 
In Elam, on the western edge of the Persian plateau, rivcTS funl lerlil(! 
valleys were more numerous, and delta lands more extensive, IIc‘re tlie 
Persians became a settled agricultural people, and their farming pra(di(a‘H 
were closely associated with those of Babylonia. In the sixth century 
Cyrus, the king of Anshan, united the wandering lril)es of Persia for the 
first time. In 30 years, the ruler of the small Elamite kingdom l)(‘cam(‘ tlui 
master of western Asia. Cyrus was not only a conqueror but also a patron 
of agriculture. Xenophon, his great admirer, held up as au exanq)le 
to the Greeks the agricultural precepts of Cyrus. 

The work begun by Cyrus was continued by his successors until the 
Persian Empire included Media, Babylonia, and Assyria and extended 
westward to the Mediterranean and Greece. This was a period of nota))Ie 
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interchange of ideas between the East and the West. Persia adopted 
the agricultural practices of the West and, in turn, introduced into the 
Mediterranean region new crops, such as lucerne, the almond, and the 
peach. The result was a rapid development of agriculture which continued 
even after the decline of the Persian Empire. The population of Persia 
continued to increase until the beginning of the Christian era. Since then, 
it has remained almost constant. About 500 B.c., during the reign of 
Darius, the magnificent city of Persepolis was built, in a remote section 
of the highlands, as a residence for the kings. But the real centers of the 
nation continued to be Susa, Babylon, and Ecbatana. 

Much of central Persia and adjacent Turkestan is desert. Irrigation 
and dry farming are possible only in limited areas at oases, near perma- 
nent streams, on slopes of wooded highlands, and in the mountainous 
areas to the north where the rainfall is heavier. The desert agriculture 
had a tendency to shift from place to place with the changing water 
supply. According to tradition, land newly irrigated could be cultivated 
for five generations before abandonment became necessary. The rivers 
brought with them sediment which gradually raised the height of the 
irrigated fields and increased both the difficulty of irrigation and the 
tendency of the rivers to shift their courses. The old fields were abandoned, 
and the people moved to a new location. After the fields were abandoned, 
dust storms increased. In places, as at Merv, the level of the land was 
lowered 5 to 15 feet by wind erosion. At Paikent, in contrast, the old city 
was covered by blowing dust, and now only the citadel, mound and the 
top parts of the city wall can be seen above the sand. 

In the mountains scattered over the desert area there are evidences of 
former forests; hillsides, now abandoned, have been stripped of their soil. 
The Mongolian invasions, which began about the twelfth century a.d., 
were accompanied by rapid cutting of the forests. After each storm, 
torrents swept down the slopes, carrying with them sediment which was 
deposited over the cultivated fields below. In the region between the 
Persian-Baluchistan boundary and Quetta can be seen mile after mile of 
terraced hillsides that were not abandoned until the thirteenth century. 

In some areas, recovery from the first invasions of the Mongols was 
possible because of the added incentive provided by overland trade. 
Samarkand, in Turkestan, was destroyed by Genghis Khan in 1221; but 
by the time of Tamerlane, a century and a half later, the city and the 
surrounding country were flourishing again. The complete economic ruin 
of the country came gradually as trade shifted from land to sea routes. 

Desert Agriculture and Erosion in the Tarim Basin 

The Tarim Basin, in Central Asia, was known to the Chinese by 177 
B.C., at which time the agricultural Khotanese were conquered by the 
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Yue-Chi, Mongolian invaders from the northeast. Because of its strategic 
position at the junction of trade routes between China, India, and the 
Mediterranean, cities grew, and important centers of religion and learning 
developed under the rule of the Chinese. The agrieulUiral possibilities of 
the region were exploited to their utmost to supply the local population 
and the passing caravans until the reconquest by the Mongols in !^2() a.d. 
In the eighth century, when the area was conquered by the Tibetans, the 
Tarim Basin was completely cut off from Chinese trade. Even during the 
early part of Chinese occupancy, agriculture shifted from ])la(^e to place, 
but, as cultivation spread, demands on the water supply inereas(‘d, and 
agriculture became more precarious. 

Probably the highest development was attained during tlie s<‘eon(I and 
early part of the third centuries a.d. The rivers, which rise in tlie surround- 
ing rim of mountains, flow toward the interior of the I'anin Basin, and 
their water is eventually dissipated in the desert. If tlie rivers liecome 
longer or shorter, the size of the desert decreases or increases jirojior- 
tionally. After the third century, rivers gi^adiially be(‘anio shorter, and the 
desert area increased in size. In some jilaces, the sediment deposited by 
irrigation built up alluvial plains 10 feet or more in (h'plh, under which 
are to be found the remains of former cultivation. Old cemeteries and 
roads passing through farming land usually lie considerably Ixdow the 
leyel of the surrounding fields. At Yotkan, the remains of early cultivation 
lie, in some places, as much as ^0 feet below the present surface. The 
alluvium is lighter in color and easily distinguisho<l from the buried soil 
or culture strata below. The demands of the numerous attendants of the 
shrine at Yotkan undoubtedly accelerated the destruction. Uzun 'Path a 
place of less importance, was inhabited until about tlie close of the 
thirteenth century and, as Fieri, was described by Marco Polo. 

Where agricultural abandonment is attributable to the failui*(‘ of the 
water supply, wind erosion has been conspicuous. In liotli Turk(\sUin ami 
Persia, travelers such as Purapclly, Stein, and Iledin have ol>s(u*ved 
numerous flat-topped, debris-covered mounds 5 to ^r> hud aJiove the 
level of the surrounding land. Further investigations show that th(‘S(^ were 
the sites of old towns and that their surface repniseuLs tlie original level 
of the surrounding country. The lowering of tlic surface was caused by 
wind erosion, and only where the loess soil was covered by debris too 
heavy to be removed by the wind was the erosion checked. This situation 
has been found throughout arid and semiarid Asia from Lop Nor tlirougli 
Persia (Fig. 17). 

Sir Aurel Stein/ in his more recent visits to the Tarim Basin, has found 
that conditions are now in process of reversal; that the streams that were 
formerly decreasing in length are again extending their courses forward 
1 Stein, M. A. ‘‘On Ancient Central- Asian Tracks.” London. 193X, 
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toward, the desert; and that areas abandoned for centuries again can be 
cultivated. This may be due in part to changes in the ground-water 
circulation, to the shifting of the lower courses of the streams, to the 
recurrence of periods of heavier than average rainfall, or to the slow 
processes of natural recovery. 



Fig. 17. — Ruined dwelling on disastrously eroded land near Lou Lan, central Asia. 
The laborer on the top of the platform indicates the original level of the land and the 
extent of soil removal by wind. {Courtesy Geographical Revieio.) 


The Agricultural Renaissance in England 
and the Attendant Erosion Probleihs 

The Beginning of Modern Wet-land Agriculture 

Roman methods of farming were introduced into all parts of the 
Empire and were accompanied by a general improvement of agriculture. 
When the Roman legions conquered Britain, they found there a well- 
developed type of upland agriculture. The fields were square and laid out 
in checkerboard fashion (Pig. 18). On the downhill side, fields were 
separated by '‘lynchets,” or banks, which followed the contours. On the 
slopes, the fields were bordered by "'"balks” (ditches lined by low banks) 
running up and down the hillside. The lynchets developed gradually as a 
result of the continuous turning of the soil down slope in plowing and by 
sheet wash from the fields. Air photographs show that the soil along the 
lynchets differs in color from that of the cultivated land above, and soil 
investigations show that they contain topsoil washed from above. The 
Celtic field system first appeared about 500 b.c. and continued for a 
period of about 1,000 years. Although the Roman agricultural system 
was introduced, it modified but did not replace the Celtic system. Both 
traditions were obliterated completely during the Saxon invasions. 
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The Saxon invasions after the fourth century a.d. caused a radical 
change in agriculture. The open-field system, with long narrow fields, was 
introduced and continued until the eighteenth century and, in a few 
places, until the present time. Not only was a new system introduced, 
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occurred in the north also. Near the Harper Adams Agricultural College 
farm in northern Shropshire is found evidence of Roman cultivation 5 feet 
below the present surface of the land, and the slopes above the fields are 
badly eroded. The abandonment of the steeper fields either showed 
wisdom on the part of the English farmers or was forced on them because 
the fields were too badly eroded to produce crops successfully. 

The growth of urban population after the fourteenth century created 
the need for an increase in the supply of food and raw materials for manu- 
facturing, but the rural population had declined as a result of wars and 
plagues such as the Black Death. Unlike that of the Mediterranean, the 
agriculture of Northern Europe depended entirely on the natural water 
supply, and at first only level or nearly level land was cultivated. This 
primitive type of wet-land agriculture was unable to supply the growing 
needs. Its improvement was initiated by the great ecclesiastics of the time, 
who had retained on their land estates some of the Roman practices and 
had studied the agricultural writings of Cato, Varro, and Columella. The 
rhymed English version of Palladius came from the religious house at 
Colchester; the Rules for the management of a manor have been attributed 
to Robert Grosseteste, Bishop of Lincoln; and Robert of Henley, who 
wrote widely on agricultural topics, was a Dominican. Their ideas were 
superimposed upon the Saxon type of agriculture and in some cases 
retarded rather than advanced it. In Northern Europe, for example, the 
uncultivated fallow was a hangover of an early type of agriculture in 
which the land was cropped until it was exhausted and then allowed to 
remain idle until it recovered naturally. The length of the fallow period 
had been gradually reduced until land was left idle for only one year at a 
time and one year in three. In the Mediterranean region the plowed fallow 
had been adopted as a means for conserving moisture. The two types of 
fallow were easily confused, and the value that the Romans placed on the 
fallow was responsible for its persistence in Northern Europe long after 
wet -land agriculture had advanced to the stage in which it was no longer 
necessary. 

During the Middle Ages, the manorial, open-field system prevailed 
throughout Europe. Since the tenants did not possess their fields in 
perpetuity, there was little incentive for improvement. Flocks were 
pastured on the commons, and their manure was largely lost to agricul- 
ture. Crop yields were low, and it was prophesied that the population of 
the world eventually would be limited by the productive capacity of the 
land. This was the basis of the Malthusian theory, which was propounded 
about the beginning of the nineteenth century. 

Development of Modern Agriculture 

The roots of modern English agriculture were laid in Flanders, where 
the first of the peasant revolts occurred. These were followed by other 
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agricultural rebellions both in England and on the Continent. The 
weavers of Flanders required more wool from England, and this resulted 
in an early movement for enclosing land in order to provide better pas- 
tures and an improved wool supply. The later enclosures (1650-1850) 
were essentially to increase crop production. 

Flemish influence was also responsible for the introduction of crop 
rotation into England. Plattes, who was experimenting with rotations in 
168S, was of Flemish extraction, and Sir Richard Weston came in contact 
with Flemish methods when he was forced to flee from England during the 
civil wars. His ""Legacie'' was regarded by Arthur Young as the greatest 
single contribution to the improvement of British agriculture. Of the early 
rotations, the four-course Norfolk rotation of the seventecntli century 
was the most famous. This consisted of wheat, root crop, barley, and 
clover — the fallow being completely eliminated. Rotations were greatly 
improved thereafter and were adapted to meet the needs of tlie dilTerent 
types of environment found in England. 

The eighteenth century was a period of rapid improvement in i)lowing 
and planting, particularly in England. Jethro Tull was the fallier of this 
movement and introduced and popularized deep plowing, ‘diorse-lioeing” 
husbandry, and drill planting. Among the outstanding agricultural leaders 
of the time were Lord Townshend, Bakewell of Dishley, (k)ke of Norfolk, 
Arthur Young, and Sir John Sinclair. All were concerned ])rinuirily with 
lowland agriculture in which drainage rather Llian erosion was th<' major 
problem, but their work created a general interest in ex])eriineni,al fariuing 
and led to the adoption of sound agricultural ])raetiees whieli form ])art 
of the basis of modern soil conservation. 

One erosion-control measure, however, seems to have merite<l con- 
siderable attention: the broad-wheeled wagon, which was desigiu'd for use 
on badly eroded farm lands as well as on the poor roads that were })re- 
valent in England during the eighteenth century. It solved the ))rol)lein 
of transportation and prevented wagon-wheel ruts frenn enlarging and 
developing into gullies. There are other evidences tliat sln^et wash was not 
uncommon, even on the comparatively level English fields. In order to 
provide adequate drainage, the fields were ridged. The <lraimtg(? channels 
between the ridges filled with sediment washed from the field>s, and tlie 
clearing of these ditches presented a serious problem. Both Young and 
Sinclair realized that the richest soil was washed from the fields and 
recommended that it be collected periodically and spread over tlu* land 
as fertilizer. 


Erosion and Its Control in Scotland 

In Scotland, the problem of soil erosion received mort; attention than, 
in England because of the limited amount of level laud. Hut the general 
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improvement of agriculture in Scotland lagged. The open-field system 
was retained until after 1695, when the first general enclosure act was 
passed. Until then there was no incentive for the improvement of the land 
itself. The awakening of agriculture during the last quarter of the eight- 
eenth century came largely as a result of the efforts of Sir John Sinclair 
to popularize good farming. The works of Tull and his followers were 
received with far greater enthusiasm than in England. As late as 1780, 
most of the Scottish agriculture was of a crude, subsistence type and far 
inferior to the English; but by 1815 it had improved to such an extent that 
it was commonly regarded as the best in Europe. 

An increase in the use of soil-conserving practices was an important 
phase of the general agricultural improvement, and it was from Scotland, 
rather than from England, that the United States derived most of its 
early soil-conserving practices. Although the square or oblong field was 
generally recommended to simplify the problems of plowing, the size of 
the field was determined by the slope of the land. Sinclair,^ writing in the 
early nineteenth century, discussed at some length the problem of ridging 
on sloping lands. Ridges running up and down the slope were unequiv- 
ocally condemned. Horizontal ridges had the advantage of holding the 
soil but did not provide the necessary drainage. In some places, this 
difficulty was overcome by carrying the ridge around small hills, beginning 
at the bottom and spiraling upward. The method most highly recom- 
mended by Sinclair was the construction of ridges from the top down and 
sloping diagonally to the right. This provided the necessary drainage but 
retarded the runoff and reduced soil erosion. For land of ‘‘ excessive steep- 
ness,’’ a plow with a shifting moldboard was recommended. This was 
commonly known as the turn-wrest plow. Deep plowing met with uni- 
versal approval. It was regarded as almost comparable to the hoe-and- 
spade cultivation that had produced luxuriant verdure on the small 
garden patches of earlier times. In order to popularize good plowing, 
annual competitions were established in various parts of the country. The 
first of these was initiated in the county of Clackmannan in 1780. It is 
interesting to note that the practices employed in Scotland are identical 
with those tested by Washington, Jefferson, and Randolph in the United 
States.^ 

In large areas of the Highlands, a poor form of subsistence farming 
supplemented by equally poor animal husbandry persisted. The cattle 
were almost wild, and the sheep so small, it is said, that the carcass 
usually weighed less than 25 pounds. The higher pastures were never 

^ Sinclair, Sir John. “An Account of the Systems of Husbandry Adopted in the More 
Improved Districts in Scotland.” Vol. I, pp. 165-170. Edinburgh. 1814. 

^ Hall, A. R. Early Erosion-control Practices in Virginia, U. S. DepL. Agi*. Mine. Pub. 
256, 1937. 
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properly or fully utilized. Population was sparse, and rentals were neces- 
sarily low. The introduction of commercial sheep farming brought a 
radical change. The sheep introduced from southern Scotland and 
England were larger in size, hardier, and produced more wool. Cheviots 
were introduced into the Highlands about 1750, and after 1760 came a 
steady influx of sheepherders. Around Callander, the number of sheep 
increased from 1,000, in 1770, to 18,000, in 1790. Throughout the High- 
lands, rentals increased, crofters were forced to leave their farms, and the 
raising of cattle practically ceased. The deforestation of large areas in 
Scotland dates back to the introduction of commercial sheep farming. 
By 1850, the pastures had begun to show signs of deterioration, and there- 
after more frequent mention is made of ‘■‘depleted grazings.” 

Continuous grazing precluded the regeneration of the forests. In 
southern Scotland, where commercial sheep raising was an established 
industry before the twelfth century, the dangers of i)romiscu()Us grazing 
were recognized, and the old Leges Forestarum of the time of Ric^liarcl 
Coeur de Lion contained provision for limiting forest grazing. As grazing 
continued, the plant cover deteriorated. Succulent grasses and heather 
declined, and bracken and moor-mat grass increased. In other places, 
injudicious burning was practiced in an effort to maintain a good stand 
of grass. Where the ground was left bare, apprecial)le (jnaa titles of the 
dry surface soil were blown away by high winds. This has been observed 
on some of the agricultural experiment jilots. In 1694, a sandstorm 
occurred that converted part of the (hilbin fanning land into a miniature 
Sahara for a period of ^00 years. ^ Farm lauds near the .sea(H)ast ar(‘ jiartieu- 
larly susceptible to damage of this type when the natural vegetal ion is 
removed. 

Removal of the vegetation also leads to water erosion and the forma- 
tion of “screes,” or small landslides, during lieavy rains. Furtlierinore, 
grazing, trampling, or the rubbing of sheep against the sides of llu‘ screes 
often causes a break to become so enlarged that an entire hillside is 
affected. According to Fenton,^ “within histoidc Lime sheep furmiiig, both 
directly and indirectly, has altered llie appearance of a large part of 
Scotland.” 

Since 19S0, the problem of erosion in Scotland has I’eeelved eousider- 
able attention, especially from ecologists, because of the (L)se relation 
between erosion and the type of plant cover. Wherever heatluT and tlio 
better pasture grasses have been superseded by bracken, there is serious 
danger of erosion. One phase of erosion in Scotland has no eounteri)art 
in the United States. The erosion of the upland peat has caused deposition 

1 Ballen, H. M. The Tragedy of Culbin Sands, Nat. History, Vol. SB, pj). 14B 14«, 

2 Fenton, E. Wyllie. The Influence of Sheep on the Vegetation of Hill (irazings in 
Scotland, Jour. Ecology, Vol. 25, pp. 424-430, 1037. 
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lower down, and the soil thus covered has become too acid to support 
good herbage. 

Situations similar to those in Scotland have been found in the hill 
pastures of England and Wales, but in neither country is the problem so 
serious. A new erosion hazard, however, threatens England today. The 
opening of the New World provided England with an increased food 
supply before it became necessary to cultivate the more erodible sloping 
lands. The nationalism of today and the demand for self-sufficiency are 
promoting an increase in the area devoted to wheat, beets, potatoes, and 
other foodstuffs. Because of the shallowness of the soil profile and the 
sloping surface of the land in the areas not previously cultivated, it seems 
probable that the productive capacity will be reduced materially by 
erosion, unless measures are adopted for its prevention. 

The Palatinate and Its Relation to Erosion Control 
in the United States 

Early agriculture in the United States, in general, followed the English 
traditions, but, locally, other influences dominated. During the Colonial 
and early national period, the German settlers in Pennsylvania were 
regarded as the best farmers in the entire country. This superiority may 
be attributed directly to the influence of farm practices developed in the 
Palatinate. After the Treaty of Westphalia in 1695, the Palatinate at 
first served as a refuge for persecuted religious sects from other parts of 
Europe. Among these were the essentially agricultural Mennonites. 
Many were of Swiss origin and had left their own country because they 
objected to its policy of supplying mercenary soldiers to any country that 
needed their services. Later, when the Catholics came into power, religious 
intolerance forced the Protestant sects to leave the Palatinate. Before the 
Revolution, there were over 100,000 Germans and Swiss in Pennsylvania 
alone, and smaller groups had settled in other colonies. Wherever they 
settled, the type of farming practiced was notably superior to that of the 
surrounding communities. In Europe, persecution had forced them to 
move frequently, and in America they sought permanent homes. To 
maintain the productivity of the land was of paramount importance. The 
German farms were comparatively small and intensively cultivated, and, 
consequently, land exhaustion, followed by abandonment and a westward 
movement of population, was practically unknown. 

Erosion in the Americas 

The Highland Terraces of Peru 

In the United States, the introduction of European methods of plow- 
ing and cultivating was directly responsible for a rapid increase in erosion. 
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The original colonies were established during the agricultural revolution 
in England and at the very beginning of the period of agricultural develop- 
ment in Scotland. Few techniques for controlling erosion had been devel- 
oped in Europe, and these had not been generally accepted by the rank 
and file of the farmers. Wheat and barley, the staple grain crop.s of Great 
Britain, were commonly sown broadcast. Corn, the chief native grain 
crop, was domesticated in America, and the method of planting differed 
radically from the European system. Corn was planted in hills, and only 
hoe or spade cultivation was used. Straight rows and clean cultivation 



Fig. 19. — Terraced slopes in Peru. {(Jourlcsy Aarlal Ex phrntioiiif^ Inc.) 


were impossible. With the introduction of the i)low, the hill (trop was 
converted into a row crop. Other croi)s» sncli as tobacco aud pol.udocs, 
experienced a similar change in methods of cultivation, 'riic farmers from 
the English lowlands failed to recognize the erosion luizard tluit acetom- 
paiiied row cultivation on sloping land. 

In Peru, where many of our native crops were domesticated, tlu‘ lands 
were sloping, and the Incas and their predecessors had dcv('lo[)(‘d liiglily 
efficient methods of soil conservation (Pig. 19), Tlic rndians of onr ('astern 
seaboard had acquired crops from the highlands of Peru and Mexican, but 
their agriculture was less highly developed since means of dirc'cd com- 
munication were lacking. 

In Peru, only the limited areas in the valley floors wci'c by nature well 
adapted to agriculture; and in many of these the rooks and stont's brought 
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down by the mountain glaciers had to be removed before the land could 
be cultivated. The mountain slopes were once covered with forests or a 
dense scrub vegetation. Some of the ravines that are too deep or narrow 
for cultivation have reverted to forest; and in the Panticalla Valley 
thousands of acres that are now tree covered were once terraced and 
cultivated.^ As population increased, it became necessary to clear the 
slopes. This was done before the beginning of continuous tradition, and 
the earliest terraces show signs of carefully planned construction. The 
care used in conserving soil indicates that the ancient Peruvians had 



Fig. 20. — Retaining wall of ancient terrace at Ollantaytambo, Peru, showing nicety wilh 
which stones were fitted together by the pre-Incas centuries ago. {Courtesy 0. F. Cook.) 


experienced soil erosion, but no evidence has been found as to its exact 
date or extent. 

The Incaic or pre~Inca terraces were supported by stone retaining 
walls (Fig. ^0) which were commonly 8 to 14 feet in height and occa- 
sionally as much as 50 feet. Behind the walls, the soil was filled in by hand. 
The lower levels consisted of stones and gravel, and the upper 2 or 3 feet 
of good agricultural soil. The terraces were irrigated by means of aque- 
ducts which brought the water from sources that were often miles away. 
Where the soil was loose, the aqueducts were paved with stone; and in 
other sections they had to be cut from solid rock. The water was led from 
terrace to terrace through stone-faced outlets or over rough rocks and 
caught below in rock-paved basins. Near Macchu Picchu, the water from 

^ Cook, 0. F. Agriculture and Native Vegetation in Peru, Washington Acad. Sci. 
Jour., Vol. 6, pp. 284-293, 1916. 
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one terrace was spread among a number of outlets and fell like a shower 
on the terrace below. The system employed by the Incas and their 
predecessors effectively held the soil on the steep slopes. Today, thousands 
of acres of Incaic terraces are still being cultivated and constitute the 
mfliu agricultural land in many areas (Fig. 21). 

Even the cultivation of the valleys presented serious obstacles. In 
order to control floods, the rivers were confined by retaining walls. These 
gradually were built higher and moved closer and closer to the stream 
channel. The old walls were left standing but covered with soil and then 












Fig. 21. — Ancient staircase terraces, still in use, nt OllHUtaylambo, soutnern Peru, (roi/r- 

tfsy 0, F. Cook.) 

cultivated. The valley floor was divided into broad terracens Hup[)orte<l 
by stone walls. The topsoil for the terraces, both in the valleyK and on the 
hills, was frequently brought in from long distances. According to tradi- 
tion, the soil for the Inca gardens at (hizco was brought from near Quito, 
a distance of 700 miles. 

The intensive agriculture of Peru began its development in ])re-fiica 
times, and its origin is still unknown. It is evidently the result of definite 
planning, and apparently units of considerable size W(irc d(‘V(‘]oi)ed at one 
time. The result has been the most effective method of controlling erosion 
developed anywhere in the world though probably the most cxixmsivc so 
far as labor is concerned. The disintegration of much of this highly 
developed agriculture may be directly attributed to tlic devastations 
accompanying the Conquest and not to any intrinsic flaws in tlie methods 
employed.^ 

1 Cook, 0. F, Staircase Farms of the Ancients, Nat. Gcoy. Miiug., Vol. 20, pp. 474 - 
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Sedimentation in the Maya Lowlands 

Among the Maya of Yucatan and Central America, corn was the chief 
crop but was produced on nearly level lowlands. The methods of cultiva- 
tion employed are not definitely known, but the dense population of the 
past probably required more intensive farming than is practiced today. 
During the sixth century a.d., the old Maya empire was one of the most 
densely populated areas of its size (49,^20 square miles of habitable land) 
to be found anywhere in the world. Ricketson^ estimates the population 



Fig. 22. — Complete denudation of formerly forested hillsides at Cajabon in eastern 
Guatemala, a result of repeated cutting and burning, followed by rapid erosion of exposed 
surface. {Courtesy 0. F. Cook.) 


conservatively at 13,800,000 — a population comparable in density to that 
of England between 1821 and 1831. 

The descendants of the Maya today employ the milpa system, ^ under 
which the land is cleared, cultivated for two or three years, and then 
abandoned. The yields of the second year usually amount to half of those 
of the first. Subsequent cultivation, within periods of 8 to 10 years, is said 
to be impractical because of still lower yields. Declining yields are due to 
three principal causes, according to the observations of the author: 
encroachment by weeds, depletion of the immediately available supply of 

^ Ricketson, O. G. Uaxaciun, Guatemala — Group E — 1926-1031, Carnegie Inst, 
Pub. 477 j Ft, I, p. 23, Washington, 1937. 

2 Cook, O. F. Milpa Agriculture, a Primitive Tropical System, Smithsonian Inst. An?f. 
Kept, for 1919, pp, 307-326, Washington, 1921. 
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plant food, and erosion. The rastrojos, or lands that have been recleared 
from second growth after about 8 to 15 years of abandonment, frequently 
produce satisfactory yields, according to the standards of the patch 
cultivators of the jungle, provided the soil is deep, of gentle slope, and not 
subject to erosion. The yields from abandoned lands that have suffered 
seriously from erosion have been much lower upon reoccupation after 
years of jungle fallow. Among the most severely eroded areas are the red 
lands covered with pine forests in the drainage basin of the (diamelecon 
River in western Honduras. Although these were once occupied by the 
Maya, as evidenced by ruins, they are now largely unfit for cullivation. 
The predominant red clay is very stony and shallow, with fix^cpumt out- 
crops of the parent mica schist. Such land frequently occurs inunediatoly 
alongside jungle-covered virgin areas, of similar origin and topographic 
features, which possess a deep red clay soil, often more than 8 feet in 
thickness. This would indicate that other pinelands of the region, as well 
as similar areas in eastern Guatemala, were ruined by erosion resulting 
from cultivation and were then abandoned (Fig. 99), 

Professor 0. F. Cook has the following to say about erosion in 
Guatemala 

“That the ancient occupations of the humid motmtain regions of eastern 
Guatemala by agricultural civilizations were very prolonged or wen* reja^nted in 
several prehistoric ages is indicated by the very severe erosion which this region 
has suffered. 

“There is practically no erosion at all on sloi)es covered with, dense tropic^al 
forest. The soil is never loosened by frost, but is held in place by the matted 
roots of trees and thatched over with a compact laycjr of fallen leaves. 

“Terracing of the land shows that agriculture was extensively }>rac*tic(al in 
former times in regions now unoccupied. Two principal forms of prehistoric^ stone 
terraces, built evidently for agricultural purposes, may 1)0 recognized in the Cem- 
tral American region, in addition to Uic narrow terraces of earth .... ''.rhere are 
(1) narrow, high terraces to hold drainage water and prevemt erosion in the narrow 
valleys or on steep slopes of mountains and broad, low lc^ra(^es apparcmtly 
leveled to keep rain water from running oil ratlier tlian to apply irrigation*’ 
(Fig. 9%). 

The corn requirements during the height of development of Maya 
empires made necessary the clearing and cultivation of cxtcnsivii areas of 
wooded slopes. In 1931, C.Wythe Cooke, ^ of the United States (Jcological 
Survey, advanced the theory that the accelerated erosion (iaiised by tlie 

1 Cook, 0. F. Vegetation Affected by Agriculture in Central America, IT. >S. J)cpt. Agr. 
Bull. 145, April, 1909. 

^ Cooke, C. W. Why the Maya Citie.s of Pelen DisLricl, (luiiloinahi. Worn Abiuidotipcl, 
Washington Acad, Sci. Jour., Vol, 21, pp. 28,S-288. 1931. See also; Morley, Sylvitnu.H (iris- 
wold. The Tn.scriplions at Copan, Carnegie Inst. Pub. 210, pp. 462'407, wiishinglon, 1020. 
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clearing of the slopes had resulted in increased sedimentation and the 
gradual conversion of the dear-water lakes of the old Maya empire into 
swamps. In 1932> he accompanied the Carnegie Institution Expedition 
to Uaxactun, where he examined the sediments deposited in Joventud 



Pig. — Terrace culture in the table lands of Guatemala, between Totonticapan and 
Quezaltenango, used largely for growing wheat, the high altitude making corn more 
precarious. The culture is maintained by cutting off the margin of each terrace and spread- 
ing the material over the surface of the terrace below. {Courtesy 0, F. Cook.) 

Bajo. The silt of the later deposits was found to be black carbonaceous 
day, representing surface soil washed from the adjacent uplands. The 
indications are that sedimentation destroyed water transportation, 
diminished the fish and game supply, polluted the water supply, and made 
the continued cultivation of the uplands impossible.^ 

^ Cooke, C. W. Possible Solution of the Maya Mystery, Sci. Monthly, Vol. B7, pp. 362- 
365, 1933. 
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Archaeological investigations during the last few years further support 
the theory of progressive erosion and sedimentation and indicate that 
there was no sharp break between the old and later Maya empires but a 
gradual migration northward as the older cultivated lands were destroyed 
by erosion and sedimentation and then abandoned. The once flourishing 
agricultural region with its dense population is now covered with impene- 
trable swamps and dense jungles of recent growth. 

Conclusion 

The current erosion crisis in North America can be definitely attrib- 
uted to the exploitation of the land that followed European settlement. 
Although the processes of erosion operate locally, the economic effects 
have become international in scope. The causes, however, lie in the 
distant past and in those countries in which our crops and farm practices 
originated. Throughout the history of the woidd, the advancement of 
agriculture has been made possible by the introduction of new methods of 
farming from foreign areas. Since these were not developed locally, or 
specifically adapted to the new environment, each introduction presented 
a potential erosion hazard. Erosion in the United States and Canada 
differs from that in the Old World chiefly in its magnitude and the rapid- 
ity with which it developed. Other new countries, such as the Union of 
South Africa and Australia, are experiencing many of the erosion prob- 
lems that plague North America and parts of South America. Like the 
United States, these countries have limited agricultural inheritances. 
From the standpoint of erosion, the heritage may be increased by an 
investigation of conditions in other countries with longer agricultural 
histories. 





Chapter III. Results of Erosion 


Only in the past few years have the far-reaching effects and implica- 
tions of the soil-erosion problem in the United States received widespread 
recognition. As recently as 10 years ago, soil erosion was commonly 
regarded as little more than a spasmodic phenomenon confined to those 
farms where the land for some unexplained reason was subject to excessive 
washing. Except in the Southeastern States, the average farmer seldom 
consciously did more to check the wastage than follow the generally 
ineffective and casual practice of throwing a little brush or rubbish into 
some of his gullies. With this, he usually dismissed the problem until the 
appearance of the next gully or group of gullies. The average city dweller 
knew nothing about the problem and so never gave it a thought. Generally 
speaking, the idea that sheet erosion was steadily undermining the 
physical basis of the agricultural enterprise of the nation never occurred ' 
to the American farmer, and academicians everywhere failed to sense 
the cause of widespread land decline in some of the older parts of the 
world or to relate soil depletion to the migrations of populations from such 
impoverished areas. The notion that soil wastage was anything more than 
a purely agricultural problem — a matter of the mechanics of farming — 
was generally rejected as the most apparent kind of nonsense. 

Outside a few localities in the United States where the problem of 
erosion literally forced its attention on land users, as in parts of the Cotton 
Belt, little or no recognition was given the problem, and practically 
nothing was done about it. Some awakening came, finally, through an 
educational and investigational program inaugurated by the United 
States Department of Agriculture and some of the states,^ about 12 years 
ago,' Then, on May 1^, 19S4, the nation witnessed a disturbance 
that was completely without precedent in American history. Dust 
clouds arising over sun-parched fields in western Kansas, Texas, 

^ Bennett, H. H. Cultural Changes in Soils from the Standpoint of Erosion, Jour. Am. 
Soc. of Agronomy i Vol. 23, June, 1931; and National Program of Soil and Water Con- 
servation, Jour. Am. Soc. of Agronomy^ Vol. 23, May, 1931. 

Bennett, H. H., and Chapline, W. R. Soil Erosion a National Menace, U. S. Dept. 
Agr, Circ, 33, 1928. 
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Oldahoma, and eastern Colorado, were lifted into the pathways of high 
air currents and carried eastward across two- thirds ol the continent. Soil 
from the Great Plains, for the first time since the coming of white man, 
darkened the sun over the nation’s capital, sifted through the screens of 
tall office buildings in New York City, and moved on for hundreds of 
miles over the Atlantic Ocean. People on the eastern seaboard were 
shocked into a realization that something had gone wrong with the land 
to the west. All over the country, people began to inquire about this new 
phenomenon and to discuss its significance. 

Since that time, thousands of newspaper stories and magazine articles 
have been written about soil erosion. The subject has been tn^ated on 
public platforms and over the radio. Motion pictures have lirouglit the 
story with amazing effectiveness to even the most strictly urlian com- 
munities. Meanwhile, governmental, scientific, and educational institu- 
tions have been actively searching for further knowledge about the 
character and extent of erosion damage. The Uiiited States Dciiarlment 
of Agriculture, state colleges of agriculLurc, and slate agricultural experi- 
ment stations have brought forth a wealth of new information about this 
process which a little while ago was so little understood. (hintribuLions 
to the science of soil erosion are now corning from many parts of tlie world. 
Today it is possible to formulate a statement of the soil erosion j)r()blem 
in more accurate terms — in terras quite difi'erent from those which would 
have been used a decade ago. 

Soil erosion is now generally recognized in the United State.s as a 
powerful and dcstiaictive force which, directly or indirectly, alfecds the 
lives of every man, woman, and child. It is understood now not as a 
freak of nature which occasionally turns up on isolated farms and randies 
but as an almost continually active iiroeess wliich attacks countless fields, 
whole watersheds, and broad farming communities. Some evidence of its 
damaging effects has been discovered over an area comprising apjiroxi- 
mately a billion acres of crop, grazing, forest, and abandoiuMl lands of 
continental United States. It has extended into nearly every major 
farming region and has affected, in some degree, tlie production of nearly 
every staple crop as well as many specialty crops. Erosion and (‘roded laud 
have introduced a relatively new and disturbing factor into tim whole 
complicated cycle of water circulation, drainage, and storage. 

Area AITccled 

It may never be possible to gather completely accurate statistics of the 
total land area in the United States that has been affected by soil erosion. 
The task of making a detailed, nationwide survey is so vast that many 
damaged areas doubtless would increase in extent, or depth of soil 
removal, before the study could be completed. There is now available, 
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however, much information pertaining to the extent and seriousness of 
the problem, gathered through erosion surveys and soil surveys as well as 
from investigations conducted at erosion experiment stations located in 
important problem areas. By combining and weighing all this informa- 
tion, it is possible to estimate with a reasonable degree of accuracy the 
areal extent of erosion damage. 

An aggregate area of at least 50 million acres of former cropland in this 
country has been ruined by erosion (Fig. 24). This is a large area — about 



Fig. 24. — Formerly cultivated good land ruined by gullying. Poor subsoil material 
washing from such areas damages good bottomland downstream. Local control of such 
wasted land provides protection for remote areas. North Carolina. (Photograph hy Soil 
Conservation Service.) 


the size of the whole state of Nebraska — and it is definitely out of the 
picture for purposes of further practical crop production. Most of this 
land already has been abandoned; all of it is submarginal, although a 
small portion still supports a few people in conditions of essential poverty. 
Most of the area was formerly productive land, producing good crops, 
occasionally bumper crops. Now, it is so completely stripped of topsoil 
or so badly dissected by gullies that farming is either an economically 
unprofitable venture or a definite physical impossibility. 

Probably another 50 million acres of cropland, some of it still in 
cultivation, is bordering on a condition of practical uselessness. Most of it 
is already submarginal and should be retired from cultivation. It is not 
now properly appraised as cropland. 
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An additional cropland area of about 100 million acres, now in use, has 
been severely impoverished by losses of topsoil and gullying. Nearly all of 
it has lost a fourth or more of its original topsoil; some of it has lost as 
much as three-fourths, and some all of the topsoil. Unless immediate steps 
are taken, the larger part of this land will fall below the marginal line in a 
relatively short lime. Finally, there is an indeterminate area, probably 
amounting to well over 100 million acres, where erosion just recently has 
begun to make active progress or may be expected to do so in the very 
near future. 



Pig. 25. — Erosion by a heavy rain following fire, norLliern l<laho. {Photograph by Soil 

Conservation Servioe, lOJO,) 


Erosioa is not confined, however, to cropland alone. Tt occurs also on 
an enormous aggregate area of overgraj^cd range in w(^stern United 
States. Fires and close graziirg have produced severe erosion on much 
woodland (Figs. ^5 and ^6). 

Including these eroded areas with the cropland areas, and excluding 
only mountains, desert, and badland sections, a total of some 5£Bi^,()()0,()00 
acres has been ruined or severely impoverished, and an additional area of 
775,000,000 acres is being affected to some extent by erosion at the i)reHent 
time. Thus, more than half of the 1,004,000,000 acres comprising the total 
land area of the United States already has been affected by erosion in 
some degree. 

The effect of this damage on the supply of laud for agricultural 
production must, of course, take into account land not now in cultivation 
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but which could, with reasonable adjustments, be brought into use for 
crops. 

On the basis of Census statistics, about 413,000,000 acres were actually 
in cultivation in 1930, including idle or fallow land. In addition to this 
actual cropland, however, an area of approximately 109,000,000 acres of 
plowable pasture is immediately available for productive use. Perhaps 
50,000,000 acres of grazing land in Western areas might also be brought 
into cultivation with reasonable ease, although much of it would be 
subject to serious wind or water erosion. The total of actual and imme- 



Fig. 26 . — Rill, gully, and sheet erosion on steep overgrazed slope, San Joaquin Valley, 
California. {Photograph by U. S. Forest Service^ 1933.) 


diately potential cropland in the United States, therefore, may be 
estimated at some 572,000,000 acres. How much additional land could be 
brought into use, in event of need, by extensive clearing, drainage, irriga- 
tion, and other adjustments it is difficult to determine with any degree of 
accuracy on the basis of available information. 

Excluding the 100,000,000 acres which, for the most part, already have 
been ruined or nearly ruined as cropland, the process of soil erosion 
already has damaged or is now an active threat to more than one-third 
of the immediately arable land in the United States. 

Table 1 presents a summarization of the approximate extent of erosion 
in the United States, by major groups of land, based on degree of 
seriousness. 

In the humid sections of the country, only a small portion of the 
cultivated land is flat enough to be entirely free from soil washing — much 
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less than was supposed as recently as 5 years ago. The large bulk of 
sloping land in the corn and cotton belts, in the Palouse section of the 
Pacific Northwest, in the tobacco areas, and in the interior valleys and 
basins of California and other Western States may be classed as definitely 
erodible by water. The rolling grainlands of the humid regions are also 
subject to impoverishing erosion, although a cover of grain is much more 
resistant to erosion than the “row"' (cultivated) crops. The vast central 


Table 1. — Estimated Extent op Erosion Damage in the United States, 

BY Major Groups^ 


Condition of Erosion Area, Acres 

Damaged, all types: 

Essentially ruined or severely damaged ^82,000,000 

Moderately damaged or beginning 775, 000,0 00 


Total area damaged. 1,057,000,000 

Damaged, cropland (area harvested, crop failure, idle 
or fallow) : 

Essentially ruined for cultivation 50,000,000 

Severely damaged 50,000,000 

One-half to all topsoil gone 100,000,000 

Erosion beginning 100,000, 000 

Total area cropland damaged 300,000,000 

Not now damaged: 

Land in forest, swamp, marsh, etc 702,000,000 

Damage not defined: 

Desert, badlands, Western mountain areas, etc. . . 145,000,000 

Total land area 1,004,000,000 

^ Based primarily on erosion surveys. 


plains region — the Great Plains ai’ca — cxteiuliiig from the Panluuulle of 
Texas, northward through Oklalioma, Kansas, (kdorado, and Ni'braska, 
into the Dakotas and eastern Montana and Wyoming, is only locally 
troubled by water erosion, because of the very moderate slope of much 
of the land and the low supply of rainfall. The aggregate area of rolling 
land subject to water erosion is, iieverLholcss, eiiongli to constitute a land 
problem of no little importance in the Plains. But the greater problem 
of the area is wind erosion. Wherever the land is continuously cultivated, 
overgrazed, or left bare of cover, whether sloping or level, it is generally 
susceptible to blowing in times of protracted drought. Tlie degree of 
severity ranges all the way from minor disturbances of the surface soil to 
the major dust storms that sweep across the country. 

Table 2 pi'esents estimates of actual and potential soil erosion in the 
United States, all land considered. 

Some Examples of Erosion-depleted Land. Of the enormous 
acreage of seriously eroded land in the United States, certain areas stand 
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Table 2. — Present and Potential Soil Erosion in the United States 



Land 

utilization 

(1930 

census), 

acres 

Land 

plowable, 

without 

extensive 

clearing, 

drainage, 

or 

irrigation 

operations 

(esti- 

mated), 

acres 

Eroding 

and 

potentially 
erodible 
land in 
crops or 
• available 
for crops 
without 
clearing, 
drainage, 
or 

irrigation 

(esti- 

mated), 

acres 

Eroding and 
potentially 
erodible land 
of all types 
(estimated), 
acres 

Land in farms: 





Farmsteads, lanes, waste 

45,000,000 



25,000,000 

Crop failure 

13,000,000 

13,000,000 

11,050,000 

11,050,000 

Idle or fallow 

41,000,000 

41,000,000 

34,850,000 

34,850,000 

Cropland harvested 

359,000,000 

359,000,000 

305,150,000 

305,150,000 

Plowable pasture 

109,000,000 

109,000,000 

92,650,000 

92,650,000 

Nonplowable pasture.... 

270,000,000 



229,500,000 

Woodland pasture 

85,000,000 




Woodland not pastured, . 

65,000,000 





987,000,000 




Land not in farms: 




345,850,000^ 

Private forest, not grazed 

151,000,000 




Public forest, not grazed, . 

57,000,000 




Public forest, grazed 

106,000,000 




Private forest, grazed. . . . 

143,000,000 




Private grazing land 

94,000,000 

50,000,000 

42,500,000 

79,900,000 

Public grazing land 

235,000,000 



199,750,000 

Cities, towns, roads, 





parks, railroads, desert. 



m 


waste 

131,000,000 



8,500,000 


917,000,000 

572,000,000 

486,200,000 

1,332,200,000 

Total land area 

1,904,000,000 





^This figure represents: (1) 85 per cent of the estimated 229,000,000 acres of plowable 
land in forests or woodlands (194,650,000 acres), plus (2) 80 per cent of the estimated 
189,000,000 acres of grazing land, and potential grazing land, now in forests or woodland 
(151,200,000 acres). 
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Mat*. 1. — ^Problem areas in soil conservation. (Scnl Conservation. Service.) 
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out in bold reliefs Throughout hundreds of important farming localities, 
erosion has now progressed so far that the rehabilitation of numerous 
areas, both small and large, is practically out of the question. These ‘‘sore 
spots ” of American agriculture lie scattered across the length and breadth 
of the nation; taken together, they constitute a grim reminder of the 
power and destructiveness of rain and wind (see Map 1, Problem Areas in 
Soil Conservation, and Map General Distribution of Erosion). 

The Piedmont Plateau and upper coastal plain sections of the South- 
east comprise one of the oldest agricultural regions in the nation. Cultiva- 
tion began on some of this land about the middle of the seventeenth 
century, and erosion has been a problem on much of it from the beginning. 
As early as 1685, the first William Byrd of Virginia wrote about a heavy 
rain on his farm land that washed away tobacco hills ‘‘with all the top 
of the manured land.”^ For ^00 years and more, rainwater has gouged 
away at Southeastern farms, cutting ever deeper into an enormous total 
area of the land surface. 

Today, a number of counties in this region contain some of the most 
severely eroded land within the boundaries of continental United States. 
Recently a survey of erosion conditions was made in the old plantation 
belt of the southern Piedmont,’^ including within its scope 6,759,288 ac^res, 
of which 543,491 acres were flat bottomland. The survey shows that 
erosion in the past has caused some degree of damage on 95 per cent of the 
upland portion of this broad section. On 72.5 per cent of the upland, 
representing nearly all the cleared land of the ai'ea, the proccsss is still 
actively under way, some 2,729,772 acres, or a))()ut 44 per eemt, having 
reached the stage of gullying. Approximately 22 ];)er (‘cnt of the formerly 
cultivated area, abandoned at one time or another ])rineipally because of 
erosion, has grown up to voluntary stands of “oldlieUr’ pine, so that 
much of the washing on such land has ])een arrested. 

Even on land having a slope of 8 per cent or less (representing 18,6 
per cent of the upland area), some of it recently cleared, erosion is visible 
in many places. However, less than 3 per cent of the land of this moderate 
slope has been affected by gullying, and less than 3 per cent luis lost all 

1 Bennett, H. H. The WasLing Heritage of the Nation, Monthly^ Vol. pp. 

124, 1928; Belalion of Erosion Lo Vegetative Changes, Monthly, Vol. S/5, pp. SHB 415, 
1932. “The Soils and Agriculture of the Southern SUiLes,” The Maenullaii (-oinpany. 
New York. 1921. 

2 Hall, A. R, Early Erosion-control Practices in Virginia, U. S. Dept. Agr, Mine. Pvh, 
256, 1937. 

^ Georgia Land Use Problems, Georgia Exper. Sla. Ihill, 191, pp. 99-107, 1935. This 
was the first comprehensive erosion survey ever made of a hirge area. It was condiictod 
by G. L. Puller of the University of Georgia, cooperating with the United Stales Depart- 
ment of Agr. and the Georgia Agricultural Experiment Station. The basic pnnciples of the 
survey were developed cooperatively by G. L. Puller and H. H. Bennett. 
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of the surface soil. But on slopes ranging from 3 to 7 per cent (representing 
56.4 per cent of the upland area) 42.6 per cent is gullied, and 54.7 per cent 
has suffered from sheet washing, with only 2.7 per cent having suffered no 
erosion. On slopes ranging from 7 to 12 per cent (representing 17.7 per 
cent of the upland area), 82.2 per cent of the upland is affected by gullying, 
and 11.3 per cent by sheet washing. 



Pig. 27. — Providence Cave; a gully in souLliweslern (Icorgia naid lo have nlarled 
some 50 years ago. Now more than 100 feet deep. {Photograph by Soil (kynaorvation ScrviaOy 
19S6,) 

Summing up the results of this Piedmont erosion survey, cjovcring 
parts or all of 35 counties, more than a million acres liave little or no value 
for agriculture, owing to the ravages of man-induced erosion. Of the 
upland area, 44 per cent, or about ^,734,000 acres, is definitely sub- 
marginal for crop production, as the result of long-continuing erosion. 
An additional 28 per cent, or 1,750,000 acres, is well worth saving for crop 
use and can be saved through the execution of a complete erosion-control 
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program. The area not seriously damaged, chiefly because of mild slope 
(0 to 3 per cent), amounts to about one and a half million acres. 

What has happened in Stewart County, Georgia, is a striking example 
of the extremes to which erosion can sometimes progress when land is 
farmed without proper precautions. Approximately 70,000 acres — one- 
fourth of the land in this small county — had been essentially ruined by 
gullying and deep sheet erosion twenty-five years ago. Furthermore, some 
of the gullies are probably without counterpart on the North American 

r 





Fig. 28. — End result of accelerated erosion in a former field of rich Blaek Belt land, 
west-central Alabama. Both the black topsoil and the brownish subsoil washed off to level 
of parent material. Originally Houston clay, now Selma chalk. (Photograph by Soil Con- 
servation Service, 19S6.) 

continent — huge, yawning chasms 100 feet or more in depth (Fig. 27). 
One of the worst is Providence Cave, which is said to have started with the 
drip from a barn roof some fifty years ago.^ Already this enormous earth 
scar is said to have engulfed a schoolhouse, two farm buildings, and much 
good farm land. 

Across the States of Mississippi and Alabama runs a broad strip of 
land known as the Black Belt Once the dark-colored prairie soil of this 
region made it one of the richest farming sections in the Southeastern 
States. For generations, the Black Belt supported thriving cotton planta- 
tions and a prosperous agricultural economy. But since the turn of the 
century, cotton production in this area has become increasingly difiicult; 

^ Soil Survey, Stewart County, Georgia. Field Operations, Bur. of Soils, U. S. Dept, 
of Agr., 1913. 
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at the present time, much of the former cropland is in grass. Over most 
of the area, it is now virtually impossible to collect even a sample of the 
original productive topsoil. The soil has vanished. Even the .subsoil has 
washed from hundreds of acres, down to the chalky substratum of whitish 
calcareous beds (Selma Chalk Formation), representing the parent 
material (Fig. 28). 

Severe erosion damage, however, is by no means confined to the SouLIl 
east. Other agricultural sections have suffered to an almost eciual degree. 
Oklahoma, for example, one of the country’s newest agricultural states, 
shows a record that is almost appalling. Iho laud was thrown open to 



Fig. 29. — A badly eroded farm, redlands of oeulral Oklnhoina. (Phnloyrajih hj/ »S'of7 

donffervation Hvroury JViJO.) 


extensive agricultural scttlcinent at various iutorvals during th(' past lifly 
yearsd A general survey'-^ has shown that some soil lias Ixhui washed or 
blown from IS million of the K) million acres in cnltivaLiou and lliat more 
than 6 million acres have reached the stage of gullying. In all jirobability, 
this is the most outstanding example of rapid land decline on a wich^ scale 
to be found in the annals of human history (Fig. 

The Pacific Northwest, including the States of Washington, Oregon, 
and Idaho, is another of the nation’s youngest farming seidions. Only 
within the past 60 years has agriculture hceu praelic(‘d in tli(‘S(‘ state's on 
any extensive scale. But already the ravages of erosion, lioth by wind and 
by water, have been extensive. According to survey data, about 86 per 

^ McDonald, Angus. Erosion and Its Control in Oklahoma Torrilory, U. H. D<‘pt- 
Agr. Misc. Pub. 301, 1938. 

^ The Oklahoma Soil Erosion Survey, 2d Southwest Soil and Waler ( ’onservaiion C’on- 
ference Proc. Kept., Stillwater, Okla., pp. 0-10, 1930. 



RESULTS OF EROSION 


69 


cent of the farm land in the intermountain zone of the Pacific Northwest 
is subject to severe soil blowing, and an approximately equal area has lost 
one-half or more of its original topsoil as the result of accelerated runoff 
from cultivated land that a little while ago was perfectly stabilized by the 
natural cover of bunch grasses. Although this damage as yet is not gener- 
ally comparable to that which has taken place in the older parts of the 
country, it nevertheless represents a spread of erosion that would not 
have been considered possible 60 years ago. Actually, land already is 
being abandoned in this new region, largely as the result of erosion that 



Fig. 30. — Erosion resulting from melting of snow on summer-fallowed land. Palouse 
region southeastern Washington. Light-colored elevations in background stripped of dark 
soil by erosion since beginning of agriculture. January, 1934. {Fhotografk by Soil Conserva- 
tion Service.) 

has either stripped off the productive soil (Fig. 30) or slashed the slopes 
with gullies. 

Lying in the heart of the Corn Belt, Indiana has frequently been cited 
as one of the country's most stable agricultural states. Yet it now appears 
that over 40 per cent of the farming land in Indiana is suffering more or 
less seriously from erosion. An area of almost 2 million acres has been 
stripped of more than three-fourths of its original topsoil or is so badly 
gullied as to be virtually worthless for continued crop production; and 
sheet erosion is active on an additional million acres (Fig. 31). From 
the standpoint of erosion damage, Indiana is still far from being the most 
severely eroded part of the older farm areas of the east, at least in point 
of extent; but not many parts of the country have been more completely 
ruined than a number of rather large areas in some of the limestone 
counties of the southern part of the state. The same can be said of numer- 
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ous areas in southern Iowa; northern Missouri; southeastern Nebraska; 
northeastern Kansas; southern Illinois; southwestern Wisconsin; south- 



!Fig. 31* — Severe erosion, soiitheasLern Indiana. {Phoioffrujjh by ^^oil Conservation t^crvice 

June, loss.) 



Pig. 32.— Severe erosion of valley land induced by overgrazing. New Mexico. (Pholograph 

by Soil Conservation Service.) 

eastern Ohio; parts of the bean district of California; many localities in 
Pennsylvania, Maryland, and New Jersey; and large areas throughout 




Fig. 33. — Erosion of ricii potato land cultivated up and down slope. Aroostook County, 


Maine. April, 1936. {Photograph hy Soil Conservation Service^ 



Fig. 34. — Result of heavy rain accompanying hurricane September, 1938. Tobacco 
field near Hartford, Conn. Barn in background blown down at same time. {Photograph by 
Soil Conservation Service,) 


Arizona that even the details of topography have been altered: Where 
there were no gullies under original conditions toward the close of the 
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century, nearly every important valley and tributary valley of some 
localities embracing thousands of square miles is now incised with one or 
more gullies (Fig. 32). Like conditions are found over large sections in 
Utah, western Colorado, and parts of Idaho and Nevada. Even Maine has 
local erosion problems of a serious nature (Fig. 33), as have the other 
New England States (Pig. 34) and New York. 

In a single county in southeastern Ohio (Muskingum), an aggregate 
area of about 100,000 acres of formerly cultivated land has been largely or 
entirely stripped of topsoil, with most of it now ])roducing only poverty 


r 



Pig. S5 . — Gully on Ecddiixg farm along lino Alij Map 3. (P holograph by Holl (\)Hifrnm(ion 

Hervioo.) 


grass, goldcnrod, bushes, and other vegetation of little^ or no value except 
that it has done much to check further erosion (iji this instance, aftcu' the 
soil has gone downstream).^ 

An illustration of a severely eroded ar(‘a in tlie southeast(‘ru Ohio 
hill country is the Redding farm, miles soutliwesb of Ml. Kterling, 
Muskingum County. This land, cleared about otk^ hundred years ago, 
formerly had the reputation of being one of the best farms of that s{‘<;lion. 
Later, careless cultivation, such as continued production of corn and 
cultivation without consideration of the contour, dc'veloped a serious 
erosion problem (Fig. 35). A detailed surve^y made in 1933 shows that 
nearly 54 acres of the upland portion of the farm have hovn essentially 
destroyed by deep sheet washing and gullying (Map 3), that nearly 7 
acres have lost from 3 to inches of soil, and that 8 aercNS of bottondand 

^ Conrey, G. W., Culler, J. S., and Paschall, A. II. Soil Krosioii in Ohio, Ohio Agr. 
Exper. Sta. Bull. 589, p. 9, 1937. 
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have been covered with about 7 feet of inferior material washed down 
from the eroding slopes. Only one acre was uneroded. With less than 8 
acres of cultivable land left, this 70-acre farm was abandoned several years 
ago, and the house and farm buildings have fallen with decay. 



)('Jo erosion , 10 in. topsoil intact, 
level upland 
I acre 

)3.5 in. topsoil removed, 
gentle slope 
4 ocres 

(?)6 in. topsoil removed, 
moderate slope 

1.5 acres 

(2)l0 in. topsoil removed, 
moderate slope 
I .2 acres 

)l5in,soil and subsoil removed, 
moderate slope 

2.5 acres 


02.5 ft. soil and subsoil removed, 
moderately steep 
10 acres 

@3.5 ft. soil and subsoil removed, 
steep and gullied 

20.5 acres 

@ Severely eroded, obandoned to 2d growth forest, 
steep 
0.8 acre 

(9) 6 to 30 ft. soil ortd subsoil removed, 
steep and gullied 
20 acres 

(^Overwosh from adjacent uplands, 
poorer than formerly 

8.5 acres 


Map 3. — Erosion survey of Redding farm, 1^- miles southwest of Mt. Sterling, Muskingum 

(bounty, Ohio, 1033. 


Graph 1 shows the effect of erosion on soil, subsoil, and underlying 
parent rock of a cross section of the Redding farm from level, uneroded 
upland to the stream bottom on the east (line AB^ Map 3). 
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A soil survey of Fairfield County, South Carolina,^ made in. 1911, 
showed 90,000 acres of formerly cultivated land so cut to pieces that it 
was mapped as unplowable Rough Gullied Land and that an additional 
46,000 acres of once rich stream bottom were classed as essentially worth- 
less Meadow, The latter was so classified because of the frequency of 
overflow and swampy conditions resulting from the clogging of the 
channels with the products of erosion. Since that survey, much additional 
land in the county has gone out of cultivation because of severe erosion. 



Gbaph l.~Profile of slightly and severely eroded cross seclion of Redding Punn from crest 
to, and including, silted stream bottom, (boss section corresponds lo liju* AJi, Map il 


Fortunately, these severely gullied areas hav(‘ grown ov(T partly or 
entirely with voluntary oldfield pine. 

A survey of erosion conditions in ^0 counties of the Houtliern (Jreat 
Plains area (southeastern Colorado, southwestern Kansas, and llie Pan- 
handle areas of Oklahoma and Texas) shows that of 16,31*^2,977 acres 
surveyed, nearly 98 per cent have been aflecLed by a(UH‘lera,te(] erosion 
(mostly wind erosion) to a degree ranging from slight to very serious, 
with approximately 53 per cent affected to a serious dtigrecj. 

Erosion and Farming Operations 

The ease with which farming operations can be conducted depends 
largely on the smoothness of the ground surface and the tracta})ility of the 
soil. Rough, hummocky ground; stiff, unyielding clay soils; and shallow, 
stony areas always have been avoided by farmers wherever otluT land was 
available. One of the most immediate I'csults of soil removal by erosion 

^ Soil Survey , Fairfield County, South Carolina. Field OperationH, Bur, of Soils, 
U. S, Dept, of Agr., 1911 , 
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is the frequent, undesirable change in the topographic details of the 
ground surface. When a field is cut by numerous rills, the diflSculties of 
plowing are considerably increased even though the ground is smoothed 
off (and the washes forgotten) by the next cultivation (Fig. 36). When 
deep gullies appear, however, the work of the farmer in that particular 
field is multiplied. In such advanced stages of erosion, the effects are not 
amenable to easy repair or forgetfulness. Usually, such fields are aban- 
doned because of the impracticability of crossing the ravines. 



Fig. 36. — Gullies plowed in on steep wheat fields in Palouse region of Washington to 
facilitate operation of harvesting machinery. Photo made after the wheat was cut, August, 
1937. {Photograph by Soil Conservation Service,) 


As the productive layer of topsoil washes away with every heavy rain, 
the farmer gradually approaches the subsoil with his plowing, and the 
subsoil frequently consists of tough, stubborn clay (Fig. 37) or loose, 
droughty, sandy material; rotten rock; or hardpan. Subsoil farming is not 
only an unprofitable venture in most instances; all too often, it is also a 
backbreaking, expensive, or fruitless task. 

Effects of Soil Loss on Yield. Over the past thirty or forty years, 
the average yield per acre for most of the country’s staple crops has been 
maintained at a fairly even level. In some instances, the per-acre yield has 
shown a slight increase; in others, a moderate decrease. Meanwhile, 
erosion has been marching steadily across the nation’s cultivated land, 
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extending over an ever widening area, and cutting constantly deeper into 
productive soil. 

When soil is removed bodily from a field, both available and potential 
plant food, along with inert mineral material and everything composing 
the body of the soil, is carried away. As erosion progresse.s, as stiff clay of 
relatively low absorptive capacity is approached and finally exposed, the 
ability of the land to supply the moisture necessary for plant growth is 
generally impaired, the beneficial activity of microscopic organisms 
lessened, and efficient tillage rendered more diflicidt. Nearly every 



Pig. 37. — Pmsioxi-cxposcd clay subHoil of Shelby loam, Huii-bukt'd, luid dry 

exceedingly pool’ .soil. 


important soil type in the Unitccl State's is inado up of a scenes of ddiuito 
soil layers, or horizons — of relatively productive to[) layc'rs, with less 
productive horizons beneath. Experiments oonducU'd on a number of 
important types of farm land throughout the country luivc shown 
definitely that yields on topsoil run anywhere froiti a])out 1^ to Jib times 
as large as on similarly treated areas that had bet'U artificially dcsurfaced 
down to subsoil. Even where the subsoil was fcrtilizcKl and siij)pli('(l with 
organic matter, lower yields were produced. The effect of erosion on 
yields is treated in greater detail under Cdiap. IX (Part 1). 

Erosion Deposits on AoRicuLTimAL Land. The effeels of erosion 
on crop and grazing lands are not confined to th(>H(‘ fields and pastures 
which are stripped of their productive topsoil by water or wind. Maleriah 
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first from the topsoil, then from erosion-exposed subsoil, carried in suspen- 
sion by running water is frequently dropped on low-lying areas where the 
land flattens and the rate of flow is diminished. Wind-assorted sand — the 
heavier residue left after dust storms — blown from an unprotected field 
or pasture may be spread over adjoining lands for many miles around 
(Fig. 38) . In the instance of deposition by both water and wind, it is the 
larger, less fertile particles that usually are dropped on agricultural lands; 
the finer, lighter, and more fertile material generally is carried long dis- 
tances or transported out to sea. Moreover, the subsoil material dis- 
charged from raw gullies is usually of relatively unproductive character 








Fig. 38. — Highway and adjacent land covered by wind-drifted sand. Western Oklahoma 
(Photograph hy Soil Conservation Service, 1935.) 


and impoverishes lower slopes and alluvial plains over which it is laid 
down by runoff or overflow water. Coarse sand, gravel, and even boulders 
are often washed from eroding uplands and deposited over productive 
lowlands. The total amount of damage that has been inflicted on American 
farm lands by deposits of erosion debris is not subject to accurate measure- 
ment, but the aggregate area unfavorably affected, including those 
bottomlands which have been made swampy or semiswampy by increased 
overflow from stream channels choked with the products of erosion, 
amounts to probably 7 or 8 million acres of formerly good cultivated or 
cultivable land. During floods or violent dust storms, damage by deposi- 
tion of the products of erosion sometimes reaches tremendous proportions 
(Fig. 39). The Ohio River flood of January, 1937, for example, laid down 
17 million tons of sand in varying depths over ^6,000 acres of rich alluvial 
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lands between Pittsburgh and Cairo. Hundreds of acres of bottom soil 
valued at $100 an acre were ruined, at least temporarily, by heavy deposits 
of loose sand of low productivity. Of the 812,836 acres covered by the 1937 
flood on the Ohio, 723,743 represented for the most part good alluvial 
farm land, and 89,098 acres urban areas. Approximately 400,000 acres, 
or 55 per cent, of the farm land were aEecled by the deixisiliou of 47 
million tons of soil material. Nearly 4 million tons were deposited in towns 
and cities. 

Altogether, the cost of erosional deposition to tlu' American I'armer 
within recent years has amounted to many millions of dollars. 



Fig. 39, — Four and a lialf inclios of soil dcposiled iii corn field, Ohio River hodoiu, flood of 
1935. {rhologrwph by Hoil (Uinavmtllon 


Erosion Dicipobits in Eiobkrvoihk, Watiouw.vvs, and IIahhorvB. 
Eroded soil is not only a menace to agricnlturaJ land; it is piling np in 
immense quantities behind dams, in waterways, and in harbors. Huge 
deposits of silt are rapidly mounting in Inindreds of American r(‘S(‘rv<)irs, 
crowding out the water that these costly structunss were originally built 
to hold and cutting short their span of useful lifc^ (Fig. 40). In many 
instances, however, erosional damage to reservoirs is not liinit(‘(l to the 
actual reduction in storage capacity. Bill deposits tend to spr<*ad out the 
stored water and expose a broader surface to losses by (waporalion. In 
the more arid regions, such as the Southwest, exposures of storage' water 
to the warm, dry air may constitute an excee.ditigly serious probhun. 

It is estimated that about 8,600 reservoirs in tlie United vStates are' of 
more than immediate local importance. The total valuer of these' struetures 
lias been conservatively placed at two billion dollars. Abe)ut onc'-fifth of 
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these reservoirs, representing approximately 75 per cent of the total 
valuation, are structures whose value depends almost entirely on their 
ability to store water. When this capacity is lost, the investment simply 
has to be written off the books. In other words, erosion conceivably could 
damage American reservoirs to the extent of $1,500,000,000. Further- 
more, since it is impracticable to clear out a major reservoir, once it is 
filled with silt, not only is the storage capacity lost, but, in the practical 
sense, the dam site, a valuable resource in itself, is disposed of. 



Fig. 40. — Reservoir filled with the products of erosion, Dan River, Schoolfield, Virginia. 
June, 1936. (Photograph hy Soil Conservation Service.) 


Although such wastage may not be permitted by an enlightened 
nation to proceed so far, erosion, nevertheless, is reducing rapidly the 
value of many costly structures built for purposes of irrigation, flood 
control, power production, municipal water supply, and recreation. 
Detailed surveys conducted by the Soil Conservation Service have shown 
that reservoir silting is a grave problem which is not confined to any one 
section of the country.^ 

For example, one privately owned reservoir on New River, in south- 
western Virginia, was found to be 80 per cent filled with silt after twenty 
years of operation, A lake created for municipal water supply near Waco, 
Tex., had lost nearly 20 per cent of its original storage capacity in less 
than six years after construction. A recreation pond near Galva, 111., was 

^ Eakin, Henry M, Silting of Reservoirs, U. S. Dept. Agr. Tech. Bull. 524, 1936. 
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more than half filled with the debris of erosion in a period of twelve years. 
Thirteen power reservoirs in the Southeast have filled to the top of the 
dam within an average of 291- years following completion of the dam. 
During the 1988 California flood, some of the reservoirs lost more than 
one-third of their capacity by deposition of silt, gravel, and boulders. 
These are some of the worst examples, but they do not by any means 
close the list of reservoirs severely affected by sedimentation. 

Silt deposition is also a troublesome problem along both natural and 
artificial waterways. Erosion debris is clogging numerous small si.rcams 



Pig. 41. — Drainage cliloli norlliwestorn MiH,sLsHippi» iillod with croKion (Ichri.s the 

bonds fur tlie esLablisliinenl of the drainage dlslricl were paid uiV. Marcli, 


and shoaling Llic channcLs of navigable waterways; it is also n'duoing the 
carrying capacity of drainage canals (Fig. 41) and iTn])airing iho (‘ilVcdivc- 
ness of irrigation systems. It is forcing many streams from their natural 
courses, thus causing damage along the banks and acccnil.nating the 
problem of flood control. In many of the (?ountry\s harl)ors jind along a 
number of important streams, navigation is constunlly Ihrt^aleiKKl by 
shoaling, and expensive dredging operations are being lU'cessitnU'd by 
huge accumulations of soil, sometimes carriial from lerlile ni)lands 
hundreds of miles away. By the processes of soil erosion, soil traJisj)orla- 
tion, and soil deposition, one of the nation’s mo.sL valiiabh^ ass(‘ts has l)een 
transformed along numerous streams into a definite lial)iliLy and a menace. 

Effects of Euosion on Eloods. The history of floods on tlu' North 
American continent extends back before the days of Jamestown and 
Plymouth Rock. Hernando de Soto found the Mississippi River in flood 
when he explored the lower valley in the sixteenth ocnlury. That flood 
was a thoroughly natural oocurrenee, of course. Every str<'am throughout 
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the world that is bordered with a strip of alluvium, whether a mere ribbon 
or a vast plain like that of the Mississippi bottoms, has been subject to 
overflow for undeterminable periods. Alluvium is the product of deposi- 
tion from overflow water; it is formed in no other way. So, the fact that 
de Soto found the Mississippi in flood nearly four centuries ago con- 
tributes nothing to our knowledge of flood changes in America; it would 
have been helpful, however, if he had erected at the time a permanent 
bench mark recording the precise crest of that inundation. (With such 
information it would be possible now to compare the height of floods along 
the Mississippi under conditions of a virgin country, with flood crests that 
have marched down that mighty waterway since the intense alteration 
of surface conditions over so much of the American landscape by farmers, 
stoclmien, and lumbermen — provided precipitation records for the entire 
watershed had also been recorded.) 

The mechanical composition of the alluvium of thousands of streams 
characteristically subject to floods reveals a highly significant fact. The 
alluvium laid down (above the level of stream-bed deposits) by floods of 
the pre agricultural period is generally composed of relatively fine soil 
particles, and the material is comparatively uniform in texture; on the 
other hand, the alluvium deposited by more recent floods over the pre- 
agricultural sediments is ordinarily coarser and much more diverse 
through the profile. The line of separation frequently is so sharp that it can 
be photographed readily (Fig. 4^). In other words, the floods that occurred 
under virgin land conditions must have been more of the nature of gentle 
inundations which laid down, for the most part, uniformly fine material; 
in contrast, the floods of recent years appear to have been more on the 
order of rushing, tearing torrents, capable of transporting heavier, coarser 
particles to be deposited alternately with the fine materials of intervening 
moderate overflows. 

Another important fact revealed by recent studies of alluvial profiles 
is the greatly increased rate of flood-plain aggradation that has taken 
place since the beginning of extensive land-use activities. Generally, 
recent deposition along these streams has been so rapid that there has 
not been time between overflows for the development of a distinct dark- 
colored, humus-charged topsoil layer, such as usually characterizes the 
upper part of the buried deposits. Furthermore, the depth of the recent 
alluvial deposits in many instances is as great as, and in some instances 
greater than, that of the preagricultural deposits, although the former 
were laid down within periods of little more than 40, 50, or 100 years, 
whereas the latter probably required thousands of years for their 
accumulation. 

Within the past forty years or so, floods in nearly every section of the 
country seem to have increased in frequency, volume, and velocity. For 
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example, in early 1937, a deluge swept the whole Ohio Valley, breaking 
records for height of flow (flood crests) at many points. The previous 
spring, record-brealdng floods struck with appalling destructiveness over 
much of the northeastern section of the country, leaving difficult and 
costly problems to be solved, not only immediately along channelways 
but out in the fields and pastures from which so much of the flood waters 
come. Nearly every year unprecedented floods are recorded along various 
streams' of the country. 



Pig. 4^. — Profile on Lhe watershed of a tributary of Coon C-reek, Wis. Since the begin- 
ning of fanning about 60 years ago, 5 feet of soil niateiial has washed down over the 
alluvial bottoms. The Lime required to deposit the 8 feet of material now buried below 
the dark line, which marks the surface of the soil at the time of settlement, may have 
exceeded 10,000 years. The old alluvium of the preagrieultural stage has tlic uniform 
character of deposits laid down by moderate floodwaters. 'The now alliiviiim has the diverse 
character of deposits laid down by violent floodwaters. {Pholoynvph hy ^oU (hinaervation 
Service,) 

Meanwliile, as floods have become more desiructive, erosion lias 
reached its most serious proportions in the history of Llic country. The 
mere fact that these two phenomena appear to have (level op(‘d coin- 
cidentally does not, of course, necessarily prove a causal relalionsliip. 
Determination of the precise connection between soil erosion and floods 
must await further research. It is now possible, however, to stale rather 
definitely at least a few underlying facts. 

Soil erosion is caused by accelerated runoff following removal of the 
natural vegetative cover; runoff, in turn, is speeded up as absorptive top- 
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soil is removed to expose relatively impervious subsoil over which water 
moves with iucreased speed in the direction of stream channels. Millions 
of gullies form new tributaries to natural drainage ways; they concentrate 
runoff water and discharge it into streams at maximum speed. Other new 
tributaries are roadside ditches and drainage canals. Even the hundreds 
of millions of furrows between crop rows that run up and down slopes are 
gutters draining rainwater rapidly off the land. 

The natural drainage system of the country, the branching network 
of rivers and their tributaries, was carved out by nature to dispose of 
runoff that formerly flowed or trickled down from naturally vegetated 
slopes. At the present time, these channels are being called on, over short 
periods, to carry enormously increased volumes of water. To make matters 
worse, some of them are in no condition to take care of even a normal 
burden. Erosion debris washed down from upland fields and pastures has 
accumulated in numerous stream channels, reducing their carrying 
capacity and helping to raise the crests of floods. 

In the light of these facts, it becomes a little easier to understand why, 
from year to year, levees are being built higher and higher, and dams 
larger and larger. This may be only a partial explanation; possibly other 
factors are involved. Obviously, frozen ground of bared fields and soil 
wet with melting snow or continuing rains have been important factors 
in many floods; but widespread soil erosion and unwise farming practices, 
which accentuate its progress, nevertheless are among the major influences 
lying behind the nation’s growing flood problem (see Chap. XV, Part 2.). 

Erosion and Water Supplies. Although the more humid regions, 
and to a considerable extent the dry land areas also, have been plagued in 
recent years with increasingly destructive floods, the drier sections of the 
country have been the frequent victims of that contrasting phenomenon 
known as drought. It may seem strange that a process that accentuates the 
problem of dealing with surplus quantities of water should also have an 
intensifying effect on the equally vital problem of water shortage. Yet 
erosion plays just such an apparently contradictory dual role. The rela- 
tionship of erosion to droughts is not so plain as is its connection with 
floods, but it can be demonstrated with a reasonable degree of clarity. 

Man at present is powerless to prevent periods of subnormal precipita- 
tion. On the basis of recent evidence,^ it appears that the influence of 
specially planted vegetation on continental rainfall is either negligible or 
nonexistent. Other human endeavors to stimulate the release of atmos- 
pheric moisture have proved equally fruitless. The severity with which 
any drought is felt, however, depends largely on the available supplies of 

^ Holzman, B. Sources of Moisture for Precipitation in the United States. U. S. Dept. 
Agr. Tech. Bull 589, 1937. 
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moisture stored both within the soil and above the ground. If these 
supplies are adequate, farmers can weather all but the most prolonged 
dry periods without excessive suffering or loss. On the other hand, when 
moisture stores are low, even a brief drought sometimes can wreak heavy 
destruction on plant growth. 

The depletion of surface stores of water has been treated at some 
length in connection with the problem of reservoir silting. Small storage 
ponds, like large reservoirs, are losing capacity to hold water because of 
uncontrolled erosion. A survey made by the Soil Conservation Service 
of four representative farm reservoirs in South Dakota showed that the 
original storage capacity of one had been decreased by about 15 per cent 
and of three by more than ^5 per cent in periods of approximately twenty- 
five to thirty years. ^ It seems highly probable that other farm ponds 
throughout the Great Plains might show an equal or even greater degree 
of silting damage. Furthermore, erosional debris in some of the country’s 
larger irrigation reservoirs is seriously reducing the capacity of these 
structures to store surplus water for prolonged droughts. Abnormal 
demands on water in those reservoirs subject to serious silting can, espe- 
cially in times of drought, easily inflict hardship on thousands of irrigation 
farmers operating below the dams. Mounting stores of silt are a poor 
preparation for months of subnormal rainfall. 

Perhaps even more important than storage of water above the ground 
are the supplies beneath the surface. Most of the rainwater that does not 
flow off immediately from eroded slopes ordinarily filters down through 
the soil pores and other openings into the substrata, some being lost as 
evaporation. Where the intake of surface water exceeds iho soil’s capacity 
for retaining moisture in the upper horizons, the excess proceeds down- 
ward, as water or percolation, until it strikes an impervious layer of sub- 
soil or rock or a permeable layer or opening leading to an outlet. Above 
any impermeable layer, percolating water accumtxlates and either feeds 
off slowly to springs, streams, or artesian wells or is trapped, depending 
on underground conditions. Water thus held is available for pumping 
where the depth is not too great. Thirsty plant roots, reaching down into 
the substrata, are nourished by this underground reservoir, where it is not 
too deep, as well as by the moisture held in the upj)er i^art of the soil. 
It has been estimated that subsurface water storage normally exceeds by 
several hundred times the total capacity of all the country’s reservoirs. If 
this vast quantity of water were so distributed that it could be lapped and 
made available to the various farming regions on a basis of need, the 
nation might never be faced with another acute problem of drought. 

^ Connaughton, Mark P. Advanrcc report on the sedimentation survey of Lake Ilaycs, 
Hayes, South Dakota. Soil Conservation Service, 1938. 

Glymoh. Louis M., ,Tr. Advance resport on the sedimentation survey of Lake Hurley, 
Gettysburg, South Dakota. Soil Conservation Service, 1938. 
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What is more important, because of immediate practicability, is the 
storing within the large internal voids or pore space, characteristic of 
most soils, of more of the rainfall. Although it may not be practicable to fill 
all such cavities or internal spaces (constituting the great reservoir of the 
soil) with water, it generally can be utilized far more effectively than the 
average American farmer has appreciated — and to his great advantage, 
with respect to both erosion control and efficient utilization of rainfall. 
This can be done by holding much of the rain — in some localities, all of it 
—on the land with practical measures, such as contouring, terracing, 
subsoiling, and strip cropping. Thus held, more of the water that falls 
on the land — sometimes all of it — can be stored (absorbed by the soil) for 
subsequent crop use. Not only do these methods increase the available 
supply of soil moisture that is stored, but they frequently make it easier 
for plant roots to penetrate the soil in search of moisture. The reduced 
absorptive capacity of land as the result of exposing dense clay subsoil by 
erosion, together with the increased difficulty that plants encounter in 
taking moisture from such clay when dry, hard, and resistant to penetra- 
tion, is essentially the equivalent of a reduction of the rainfall, so far as 
the growth of plants is concerned. 

It is important to emphasize the fact that underground water supplies 
are subject to depletion just as definitely as are the stores in surface 
reservoirs and that soil erosion frequently is a major cause of the difficulty. 
As brought out in the chapter on infiltration, erosion tends to prevent the 
accumulation of soil and underground water (water table) by interfering' 
with the normal processes of intake and percolation. When a drop of rain 
strikes vegetation, it is shattered in such a way that a spray of clear water 
develops, part of which adheres to the plant surface as clear water. 
Although a fraction is lost by evaporation, the greater part almost imme- 
diately finds its way into the numberless channels that perforate the soil. 
But when a raindrop strikes bare soil, especially pulverized soil, the force 
of impact picks up fine particles, thus making muddy water. As this 
muddy water sinks into the ground, the fine particles tend to filter out 
at or near the surface and to form a thin, muddy film which chokes the 
pores of the soil. As a result, only part of the water enters the reservoir of 
the soil; the remainder flows over the surface — downhill. 

It has been estimated that during the drought of 1934, the water table 
dropped in some parts of the Great Plains as much as ^0 feet. The larger 
part of this reported loss probably was due directly to rainfall shortage, 
but some of it doubtless was the result, directly or indirectly, of acceler- 
ated soil erosion. In various parts of the country, gullies have so deeply 
incised the pervious materials of many aggraded valleys as effectively to 
drain out the accumulated water of the substrata, frequently damaging 
the vegetation and sometimes even killing trees. Drainage works also 
have contributed locally to subsidence of the water table. 
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Over large parts of the country, water may be considered the beginning 
and end of agriculture. Throughout the Great Plains and over wide areas 
in the West and Southwest, the key to successful farming is pretty largely 
an adequate supply of moisture. Already erosion has made sharp inroads 
into that supply; in the future its depredations may be even greater. If 
erosion caused no other type of damage, this alone would justify a program 
of prevention and control. 

Erosion on the Western Range. Perhaps nowhere have the harm- 
ful effects of erosion on water supplies and vegetation been more acutely 
felt than on the Western range. This vast expanse of territory, lying 
between the eastern border of the Great Plains and the strip of country 
bordering on the Pacific Ocean, comprises about 40 per cent of the coun- 
try’s total land surface. In early days, it was primarily a grass country, 
where the native stands in many localities grew tall and lush. It is still a 
grass country, but over wide areas the original cover has been crowded 
out by less desirable plants or has disappeared completely. Studies and 
surveys show that fully half the range country is now suffering a serious 
depletion of forage plants after only a few decades of grazing. 

On the Western range, soil erosion and declining cover are now com- 
plementary processes, the one speeding up the other in a cosily process 
of vanishing resources. Depletion or severe diminution of the coverage 
of vegetation, however, probably preceded the first evidence of advancing 
erosion. Overgrazing has been a problem on the ranges of the Western 
States since the days in the nineteenth century when cattlemen and 
sheepmen fought for exclusive use of the grass and water holes. Today 
that vast range, once capable of supporting twenty-two million animal 
units, has an estimated carrying capacity of only about eleven million. 
Yet the area was being misused recently to the extent of asking it to 
support more than seventeen million animal units, represeuLing an 
overuse of nearly 55 per cent. 

In the range country, as elsewhere, exposed or thinly covered soil is a 
natural prey of erosion. As erosion exposes the unabsorptive lower layers 
of soil, as the ground surface is puddled over by muddy water, the process 
of moisture infiltration is disturbed. More water rushes over the ground 
at increasingly faster rales, carrying larger loads of soil. With this goes 
that part of the land which is so essential for a healthy growth of giTuss or 
other forage. In short, soil, grass, and water are inextricably related; they 
all decline together. Estimates and surveys reveal that fully 80 per cent 
of the Western range is affected by erosion to a greater or les.scr (Icgrcc; a 
total area of around 575 million acres is slowly or rapidly losing its 
ability to produce an adequate cover. 

Erosion Damage to TiiANsiwriATioN Systems. One of the most 
remarkable achievements of the United States has been the creation of an 
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intricate network of transportation facilities — ^highways, secondary roads, 
and railway systems stretching across the country and reaching into 
nearly every town and hamlet. Yet millions of miles of -these costly 
structures are faced with the hazards of erosion. Highway and railroad 
embankments frequently have been undermined or washed out by the 
cutting of uncontrolled water. At times traffic is impeded or blocked by 
erosion debris spread across the roadways. Along many thousands of 
miles, roadside ditches have become a menace to both the roadway itself 
and those who use the roads, as they cut wider and deeper with the erosion 
produced both by direct rainfall and runoff from adjoining lands. The 
aggregate cost of erosion damage to American transportation systems is 
not definitely known. A study of the problem in a typical county — Vernon 
County, Wisconsin— shows that erosion and flood damage are sometimes 
responsible for as much as 40 per cent of the annual cost of highway 
maintenance. Estimates from local authorities indicate an erosion damage 
to the highway system of Texas, not including repairs to country roads, 
amounting to $1,566,540 for an eight-month period beginning in Septem- 
ber, 1935.^ 

The indirect damage attributable in part or entirely to erosion, such 
as bridges washed out and culverts choked with silt and rock, cannot be 
determined, but it probably runs into millions of dollars annually. 

Effects of Wind Erosion. The widespread dust storm of May 12, 
1934, was the first occurrence of its kind since white men arrived on the 
North American continent. No other dust storm arising from agricultural 
land had reached such proportions, although local storms of the same 
type have frequently occurred in a number of Western areas. This one 
is estimated to have moved 300,000,000 tons of soil from the Great Plains 
region. 

Since that time, other storms have rolled half across the country to 
dissipate themselves over the Atlantic Ocean or the Gulf of Mexico. In 
early 1937, a dust storm, originating in the Texas-Oklahoma Panhandle 
region, traveled northeasterly across many states and on into Canada. 
Extensive disturbances of this kind bring to mind the dust-laden winds 
that characterize parts of the border of the Sahara. The Harmattan, for 
example, is such a wind. It blows southward from the western Sahara area 
into Nigeria for as much as 6 months in the year, often depositing nearly 
a foot of soil around dwellings during the course of its annual visit. ^ 

In spite of their spectacular nature, however, dust storms probably 
have not represented the most damaging form of wind erosion. Sand and 

^Rowalt, E. M. Soil Defense in the Piedmont. U. S. Dept. Agr. Farmers* Bull. 1767, 
lp37, 

2 Forests in Relation to Climate, Water Conservation, and Erosion. Union of South 
Africa Dept. Agr. and Forestry Bull. 159, 1935. 
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silt marching ahead of wind near the ground cover thousands of acres of 
range and cropland, smothering plant life and eliminating whatever 
chances there may have been for a harvest or a cover of grass. Often the 
abrasive force of these wind-driven soil particles is so great as to shear off 
growing plants just above the surface of the land. In many instances, the 
shifting, blowing soil has covered highways and formed troublesome 
fence-line drifts and sand dunes which stand as a constant menace to 
adjoining farm lauds. 

Surveys indicate that the productivity of about ten million acres has 
been essentially depleted by wind erosion alone and that a much larger 
area has been damaged in varying degrees. 

To the land, wind erosion has become a deadly force; to the people 
living in sections of the country subjected to severe wind erosion, it has 
become both an economic and a social menace. Uncontrolled, it impover- 
ishes or destroys the source of their major industries — grazing and 
agriculture. In the more acutely affected localities, it appears to be causing 
an increase of pulmonary troubles among human beings, the condition 
sometimes being referred to as ‘'dust pneumonia.”^ In addition, it is 
blanketing homes, ofBces, and stores with dust, covering farm machinery 
and buildings with sand, endangering the lives of motorists, and increasing 
the wear of automobiles and farm machinery. 

Damage to land and plant life by wind erosion is not restricted to arid 
or semiarid areas, but extends to every stale. The effects are local, how- 
ever, and confined principally to sandy land. 

Economic and Social Consequences oe Erosion. In a social and 
economic as well as a physical sense, the impact of erosion on the falirie 
of national agriculture has been far-reaching and i)rofc)und. 

It is almost axiomatic that any process that destroys the essential 
productivity of the soil can exercise only an adverse effect on an economy 
that depends fundamentally on the soil. Erosion is such a process, perhaps 
the most vicious. Other factors being equal, its adverse effect on agri- 
cultural economy will be reflected usually in i)rogrcssivc detorioralioii of 
productive land and in lower farm returns. It frecpiently leads eventually 
to submarginality and abandonment and in extreme cases to rural migra- 
tion, disruption of the tax base, general community disintegration, and 
similar maladjustments of an economic and social nature. This is not to 
say, of course, that soil erosion is either the sole or a primary cause of all 
such maladjustments. But certainly it must be grouped with other factors 
of a physical, social, and economic nature that exercise a debilitating clfcct 
on agriculture generally. 

^ Brown, Earle G., et al. Dust Storms and Their Possible Effect on HeaUh, with Special 
Reference to the Dust Storms in Kansas in 1935. Reprint 1707, Public Health Reports, 
Government Printing Office, 1936. 
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Temporarily, its ill effects may be totally or partially offset by other 
factors of a physical or economic nature. The application of fertilizers, for 
example, may serve for a time to extend the crop-productive life of land 
against the inroads of erosion; or, similarly, high prices may for a time 
compensate for high costs of production on land depleted by erosion. In 
the former case, however, failure to control erosion will result eventually 
in the complete removal not only of the naturally productive surface soil 
but of the subsurface soil which has been artificially fertilized. In the 
latter case, uncontrolled erosion eventually will make it uneconomic to 
attempt to produce from the land regardless of prices, since it is physically 
impossible to grow crops on bedrock or fields riddled by gullies. 

In some instances, entire communities have been abandoned largely 
as the result of serious soil depletion, because throughout rural America 
the welfare of most communities depends largely or entirely on the 
successful operation of farm lands. In a nation as youthful as the United 
States, any number of communities, no matter how few, abandoned 
either directly or indirectly as a result of soil erosion, is too many. Yet the 
inroads of erosion on the soil wealth of the country have been so rapid 
within the past few years that many rural communities are even now face 
to face with potential land bankruptcy and abandonment, with countless 
areas — farms and parts of farms — already retired from cultivation or 
abandoned. 

The winter of 1936 and spring of 1937 witnessed a considerable migra- 
tion of farming population from parts of the Great Plains region because 
of the hazards and toll of drought and wind erosion. Some years ago, there 
was a similar migration, though not so concentrated or so readily identi- 
fied as such, from portions of the Piedmont section of the Southeast, from 
various localities in the more credible sections of the Atlantic-Gulf Coastal 
Plain, and from parts of the southeastern Ohio hill country. To a major 
degree, erosion has been a causal factor in almost every agricultural 
migration in the United States in recent years. 

Experience has shown that soil exploitation and its progeny soil 
erosion are not easily halted, once started. As the body of the soil and its 
productivity are depleted concurrently, the land must be used harder and 
harder to maintain production. For example, the farmer may be forced to 
cultivate erosion-exposed stubborn clay more intensively or to extend 
cultivation to areas that hitherto he had considered unfit for crop use. 
Inevitably, the fallacy of this procedure is proved, economically and 
physically; unsound production finally strips the land of its more produc- 
tive soil and then slashes it with gullies, leaving it impoverished or worth- 
less for further crop use and frequently irreclaimable for cultivation. 

Often an unsound credit policy has been the motivating agency in 
extending the period of use — ^rather, of soil exploitation. Where land has 
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grown poorer and net income has dwindled correspondingly, the demand 
for loans and credit has mounted. In turn, excess credit and the extension 
of loans on such collateral have tended to prolong the use of land definitely 
submarginal. Throughout the country, however, banks and other credit 
organizations are beginning to base loans on normal land values deter- 
mined by earning power. Fertile topsoil is beginning to receive recognition 
as the real backbone of the farm and the principal capital of the farmer. 

Tenancy may be traced in many cases to soil impoverishment. The 
most recent survey shows that more than 42 per cent of the farm operators 
of the United States are tenants. More than one-fourth of all persons 
gainfully employed in agriculture are paid farm laborers, and fewer than 
half of the farmers of the nation own the land that they till. In 1880, 
according to statistical records, one out of every four farmers was a 
tenant.^ Today more than two out of every five are tenants. Furthermore, 
the equity in the land of many so-called owners is so small that it scarcely 
merits the designation of ownership. 

The average American tenant farmer moves every three or four years, 
and in many sections of the country one-year leases run as high as 50 per 
cent. Brief occupancy by tenants has encouraged mining of the soil and 
paved the way for serious erosion. To the average tenant, the knowledge 
that he will soon move to another farm discourages care for the land that 
he is currently farming. Without the incentive and pride of ownership, he 
allows the soil to wash or blow away and the buildings to fall into 
disrepair. 

Once, tenancy in the United States was a sound system of land tenure. 
It was considered a step up the ladder from farm laborer to farm owner. 
The position of the tenant farmer was completely consistent with Ameri- 
can tradition. This century, howevci*, has seen tenancy become more and 
more the end, rather than the beginning, of farm ownershi}). 

Soil exploitation and erosion have hurried the rale of transition from 
marginal to submarginal farming operations in many localities. As produc- 
tive topsoil gives way to unproductive subsoil, yields diminish, and farm 
budgets fall out of balance. Farm mortgages and increased demands for 
credit have been successive, immediate results. Unable to meet obliga- 
tions, many owners are becoming tenants. In some sections, ^0 to 30 per 
cent of the land is in the hands of credit agencies, and tenants now operate 
approximately 45 per cent of all American farm land. 

The transition from marginal to submarginal farming operations, 
through the process of erosion, has had other deleterious effects. In some 
cases, it has increased the tax burden, for, with diminished net returns 
from land declining in productivity and value, the farmer must nevorihe- 

^ Report of the President’s Committee foi’ Farm Tenancy. National Resources Com- 
mittee, I9S7. 
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less pay taxes at the same base until his property is revalued downward 
for tax purposes. Then the community feels another effect of erosion, for 
the almost inevitable result of a lowered taxing base is a higher taxing 
rate on land still able to pay. 

Impoverished and gullied farms are not promising markets for farm 
machinery, electricity, or the many other industrial products normally 
needed by the rural population. Beset by taxes, mortgages, credit pay- 
ments, and declining soil productivity, the farmer cannot be the ally of 
urban industries in maintaining a healthy business cycle. Moreover, 
under the circumstances, he is virtually forbidden to take a normal, active 
part in local community life. The farm that is incapable of giving the 
family a living income provides no incentive for social betterment. On the 
contrary, it means early termination of education for the children, 
preclusion of church and club activities, and prohibition of entertainment 
and intellectual luxuries for the adults. 

As the area of arable land dwindles on a farm, because of erosion, the 
operator may be forced to curtail his agricultural activities or seek addi- 
tional land by purchase or rental. Often he can increase or maintain 
production output by better husbandry on his better acres — and this 
offers more opportunity than is generally supposed. But the difficulties 
are not always so simple. Land of reasonable productivity may not be 
available in the community, or there may be neither funds nor credit for 
an outlet in this direction. In this way, and others, uncontrolled erosion 
stalemates land users with debt, forces them to migrate or enter some 
other business, or leaves them stranded on wasted land as submarginal 
patch farmers or public dependents. 

Under some conditions, such as those existing in parts of the Great 
Plains, certain types of farming may not be adaptable to the soil or 
climate. Erosion may take too heavy a toll, for example, where wheat is 
the main crop. The only practical remedy may be to return the land to 
grass and for the farmer to get into the livestock business. Frequently, 
this will require a larger area of land. If additional land cannot be obtained 
by purchase or lease, it may be better in the long run for the farmer to 
sell or lease his holdings and seek a livelihood elsewhere. 

Summarizing the effects of soil erosion, it can be said that the process, 
if uncontrolled, impoverishes not only the land but those who live on and 
by the land, as well as communities and urban areas dependent in part or 
entirely on the welfare of the farmer. 





Chapter IV. Principles, Processes, 
and Types 


The wearing away of the land surface by running water, wind, waves, 
and moving ice generally has been looked upon as a normal geological 
process. Failure to distinguish between the timeless process of normal 
erosion and the rapid process of accelerated erosion resulting from human 
disturbance of natural conditions of the land surface explains in a large 
degree the general failure to recognize the vast difference in the effects 
of these contrasting types of soil removal In no small measure this failure 
to differentiate between normal erosion, under which soil is built up and 
maintained in balance favorable to growth of most plants, and accelerated 
erosion, under which soil is torn down and wasted, accounts for the indif- 
ference that has prevailed so long with respect to the large and increasing 
area of land impoverished or destroyed as the result of human occupancy. 

Normal Erosion 

In its broadest sense, normal erosion, sometimes referred to as 
geological erosion, or natural erosion, represents the erosion characteristic 
of the land in its natural environment, undisturbed by human activity. 
It is a continual process of surface planation, a normal geological activity 
which, across the ages, has contributed to the sculpturing of mountains, 
plateaus, valleys, canyons, plains, and mesas and to the building of 
alluvial plains and deltas, coastal plains, lacustrine beds, submerged 
continental shelves, high piedmont plains, valley fills, acolian deposits, 
alluvial cones and fans, and colluvial aprons. 

Normal erosion, assisted by the complex proce^ss of rock weathering, 
aids both in the formation of soil and in its distribution from place to 
place. It occurs in a natural, undisturbed environment, where vegetation, 
with its canopy, stems, ground cover of vegetative litter, and underground 
network of binding roots, together with the absorptive, stable character 
of normal, humus-bound soil, retards the transposition of surface soil by 
rain, wind, and gravitational movement to a pace no more rapid, gener- 
ally, than the pace at which new soil is formed from the parent materials 
beneath. 
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Under the impact of forces associated with the natural soil environ- 
ment— the collective influence of vegetation, microorganisms, climate, 
and corollary physical and chemical activities — ^the soil is so processed, 
normally, as to establish within its mass characteristics that give it 
marked resistance to surface removal. Mellow, granular, and spongelike, 
the topsoil absorbs rainfall. Hidden conduits — root holes and the burrow- 
ings of insects, earthworms, and other animals — ^perforating both surface 
and subsurface layers carry water into the deep substrata; and infiltration 
is further assisted by such structural openings as the soil pores, cracks, 
cleavages, or fractures that usually puncture the profiles of normally 
developed soils. Various constituents, including important plant-food 



elements, are slowly removed in solution or transposed to lower depths 
as the result of leaching induced by this internal circulation of water. 
Under natural conditions, however, this removal of plant-food elements is 
balanced, in part at least, by the upward movement of soluble con- 
stituents, derived from the ‘"raw’’ sublayers through plant roots and 
stems, into leaves and twigs. Subsequently, the leaves and twigs return 
to the earth as ground litter and, finally, through decay, are returned 
to the soil. In addition to these physicochemical activities, percolating 
water further alters the soil profile, especially of the more stable, less 
sloping areas, by the slow physical transposition of fine soil particles to 
lower depths (from the A into the B horizon). In time, sublayers thus 
increased in density may serve to quicken runoff by impeding infiltration. 
Nevertheless, some degree of balance persists regardless of these natural 
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alterations through the soil profile; and topsoil is developed and main- 
tained. Figure 48 depicts the simpler aspects of an undisturbed soil profile. 

Erosion, normally proceeding under a protective cover of vegetation, 
goes on so slowly that it probably is beneficial as a rule, seldom harmful in 
effect. Without it there would be, undoubtedly, much more severely 
leached land, more waterlogged land, and more land with unfavorable 
hardpan or claypan. 

As a matter of convenience, that phase of surface wearage having 
to do with the abrasion of consolidated rocks on which there is little 
or no soil is designated rock erosion and ascribed to the process of 
normal or geological erosion. Such activity is the principal contributor 
to the development of rock gorges and badlands. 

Soil Erosion 

The vastly accelerated process of soil removal brought about by 
human interference with the normal equilibrium between soil building 
and soil removal is designated soil erosiofi. This frequently is called 
accelerated erosion and sometimes abnormal erosion. 

Under the artificially created conditions resulting from the removal 
of the protective cover of vegetation, soil is displaced bodily much 
faster than it can be formed. Unless adequate measures arc taken to 
guard against this abnormal, highly accelerated phenomenon of soil 
removal, it becomes the most potent single factor contributing to the 
deterioration of productive land. 

Normally, erosion proceeds on bared areas (whether bared by axe or 
plow, grazing, fire, invasion of rodents, or whatever cause) at an increasing 
rate as the upper, more absorptive layers of soil arc successively removed. 
As pointed out, the humus-charged, granular topsoil is genci'ally more 
resistant to erosion than the less absorptive, less stable layers beneath. 
It is permeated with millions of structural air spaces and with openings 
produced by decaying plant roots, burrowing earthworms, insects, larger 
animals, and the fracturing caused by shrinkage on drying. The combined 
effects of the spongelike organic matter and the activities of microorgan- 
isms feeding on this organic material keep topsoil granular, al)sor[)tive, 
and cohesive. Heavy rains tend to seal over the soil pores of bared fields, 
and the larger openings into the body of the soil are choked with muddy 
injections. Eventually, underlying layers deficient in organic matter are 
exposed. Such exposed material, whether of clay or of coarser grain, is 
more erodible as a rule. With few exceptions, the exposed sublayers 
{B or C horizon) are distinctly more erodible — more susceptible to 
removal by water or wind — than the layers of the topsoil {A horizon). 
Exposed clay subsoil absorbs water so slowly that heavy rains produce 
rapid runoff and thus further speed the rate of erosion. Runoff water 
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concentrates in greater volume and moves with mounting speed and ero- 
sive effect as gullies are cut deeper into the body of the earth. 

In this manner, erosion, biting into the land, proceeds by a vicious 
straight-line process to impoverished soil destroyed soil and land ruin ; 
it may lead to farm abandonment disintegration of rural communi- 
ties — > increased relief loads decline of the nation. 

In the practical sense, the result is as indicated; but in the absolute 
sense, across long periods of time, the line bends back: Volunteer vegeta- 
tion comes in on the skeletonized, abandoned areas and increases in 
density; slowly, exceedingly slowly, soil rebuilds; and on it, vegetation 
progresses in the direction of climax types. Forest probably will return 
eventually, perhaps like the original stands; grass coverage may be 
reestablished in time, such as that which once clothed the prairies and 
plains; and mixed dry-land forage of the kind that stockmen, pioneering 
western United States, found over much of the semiarid and arid country 
may again invade depleted areas. 

But such completion of the circle — washed-out land, regenerated soil, 
and again rich coverage of vegetation — involves long periods of time, not 
now determinable — generations, undoubtedly, possibly much longer. 
There is evidence, as previously noted, indicating that under natural 
conditions soil builds back from the raw materials of the substrata so 
slowly that not less than 300 to 1,000 years or more may be required in 
some regions to replace 1 inch of true topsoil. If soil builds downward from 
the surface, as it probably does, much longer might be required to rebuild 
the second inch, still longer to restore the third, and so on until 6 to 8 
or 9 inches of normal topsoil depth is thus recreated through nature’s 
slow but persistent efforts. 

Erosion by Water 

Water and wind are the active forces of soil erosion, differing in the 
nature of their action and in outward manifestation but similar in the 
sense that both remove and transport surface soil. With respect to trans- 
porting capacity, the efficiency of both agencies is greatly increased with 
increase in velocity. Both present major problems having to do with land 
defense and preservation, and both call for similar methods of control, 
the basic essential of which is to reduce the erosive effect by slowing the 
rate of runoff or velocity of the wind with obstructions across their 
respective lines of travel. A fundamental difference is that slope is 
essential to erosion by water, whereas it has no direct causal effect on 
erosion by wind. 

Water erosion is the transposition of soil by rainwater, including 
melted snow, running rapidly over exposed land surfaces. It is conditioned 
by factors of slope, soil type, land use, and amount and intensity of rain- 
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fall and is confined to sloping areas where the land is of a kind susceptible 
to washing and where land-use practice has stripped the surface of protec- 
tive vegetation. It is a progressive process intensified by degree of slope 
and aggravated by cultivation, by overgrazing, and sometimes by burning 
and the activities of rodents. In general, it may be broadly defined under 
three major types, which, although closely related, are by no means 
mutually exclusive. Two or more of them may occur simultaneously 
in the same field; one may develop into another. But for the purposes of 
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Fig. 44. — Sheet ero.sion. All of original dark .soil removed from light-colored areas (C). 
Dark-eolored areas (B) still retain some of the darker topsoil, (Photograph hy HoU doji- 
servation Service.) 


discussion, the general category of water erosion may conveniently be 
subdivided into sheet erosion, rill erosion, and gully erosion. 

Sheet Erosion. Sheet washing is the more or less even removal of 
soil in thin layers over an entire segment of sloping land. It is the least 
conspicuous and the most insidious type of erosion, h^retiucntly it causes 
the color of the land to change gradually from dark to light (Figs. 44 and 
45), as the removal of dark-hued, humus-charged topsoil exj)()ses rela- 
tively light-colored, humus-deficient subsoil. Usually this change in color 
is accompanied by a progressive decline in yield. 

Unprotected land varies widely in its susceptibility to sheet wasliing, 
the differences depending principally on topographic features, climatic 
environment, and the character of the soil. Steep and fairly sleep lands 
and those subjected to heavy or intense rainfall arc most likely to l)e 
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problem areas. But the vulnerability of any field or pasture to sheet 
erosion is conditioned to an important degree on the inherent erodi- 
bility of the soil itself. Areas where a loose, shallow layer of surface soil 
overlies a dense subsoil of low permeability are peculiarly susceptible 
to this form of water erosion. It is also likely to prevail on soils of high 
silt content, fragile sandy soils, stiff clays, and all soils deficient in organic 
matter. Actually, sheet erosion takes place to some extent wherever water 
flows across unprotected sloping land, as evidenced by the fact that runoff 
from such areas is always muddied, in some degree, with the products of 



Fig. 45. — Sheet erosion has removed all dark soil in this Kansas field, down to light- 
colored, limy subsoil. The process has been accentuated by downhill cultivation. {Photo- 
graph hy Soil Conservation Service,) 


erosion and is never so clear as runoff from wooded and grass-covered 
areas. 

Similarly, nearly all bare areas are subject to wind erosion when dry, 
particularly where the soil is loose. A fundamental difference of some 
importance is that when soil is removed from a field by water, the same 
agency cannot retransport any of it to the place of origin, as sometimes 
happens under the impact of shifting wind. 

Sheet washing proceeds so slowly as a rule that farmers often fail to 
notice its effects or even to realize the cause of the color changes in their 
sloping fields or the appearance and expansion of spots of relatively 
unproductive subsoil or bedrock exposed by erosion. Eventually, some 
of them realize, of course, that changes have come about; but many are 
inclined to look upon such alterations in the soil as the result of an 
undefinable natural change. 

Figure 46 illustrates how sheet erosion moves soil from unprotected 
areas. Here, the protection afforded by a single gravel or fragment of 
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sandstone allowed columns of soil several inches high to be formed through 
the simple process of cutting away the surrounding uncovered, unpro- 
tected soil by running water. (Such effects can be duplicated in many 
places by inserting a bottle cap in the soil. It will be found that with such 
protection of the surface, even on moderate slopes, some of the more 
erodible soils, especially -sandy soils, are whittled away by sheet washing 
at a surprising rate.) 

Sheet erosion grades so imperceptibly into rill erosion that the two 
cannot everywhere be sharply differentiated. Some grooving of the soil 
goes on in connection with much or most of the erosion commonly assigned 



Eig. 46. — ^Left, pedestals one-half natural size formed by removal of surrounding soil 
material (sand) through sheet erosion. Tops protected by fragments of stone. Right, 
pedestals one-fourth natural size formed by removal of surrounding soil material (sandy 
loam) through sheet erosion. Tops protected by gravel. BelLsvillc, Md. 


to the category of sheet washing; but in the broader sense, slice t erosion 
involves the removal of a thin sheet of soil more or less uniformly from 
the entire extent of an exposed area of uniform character. 

Surface sealing of the soil commonly is a corollary of the less violent 
forms of water erosion (sheet erosion), especially on dry soils suddenly 
wetted. Dry soil in a finely pulvciizcd or loose condition, when wetted by 
rain, frequently forms a crust. This action varies somewhat with dilferent 
soils; but in general, the action is as follows: 

The raindrops strike the soil with considerable force. The larger ones 
disturb the immediate surface, especially where the soil is loose or fragile. 
Disturbance may be either by compaction or by a gcyscr-like loosening 
of the material probably something like the splash of a drop of milk falling 
in a saucer (Fig. 47), depending on the character of the soil and its condi- 






PRINCIPLES, PROCESSES, AND TYPES 


99 


tion with respect to looseness. Although the drops may be shattered and 
broken into smaller drops, generally they form small globules of water 
embedded in the surface. Dry soil resists wetting largely because of air 
contained in the small pores and on the surface of the particles, so that 
for a brief interval only a small portion of the surface material is actually 
wetted. The time required for wetting depends largely on the moisture 
content of the soil. The drier the soil the slower it wets. Under the beating 
of rain, however, the surface soon becomes moistened and, frequently, 
puddled or packed together. Under such conditions, the soil beneath still 
contains considerable quantities of trapped (sealed-in) air which, by 

• 



Fig. 47." -The splash of a drop of milk falling in a saucer. {Courtesy Professor Harold E. 
Edgertorij Massachusetts Institute Technology.') 


actually filling the openings through which it must travel, quite effectively 
retards downward movement of water. The surface tension of the water 
in contact with the soil air further resists movement downward. If merely 
the surface is wetted, a crust is formed which on drying may become even 
more resistant to penetration by later rains, thus increasing runoff. When 
conditions are such that water is readily absorbed by the soil, small 
particles are carried with it. By a process of straining out, these particles 
plug the soil pores, thus sealing the surface against free penetration of 
water. 

If the soil is dry and cloddy, capillary forces pull water into the clods, 
trapping and compressing considerable quantities of air. As the moisture 
decreases the strength of the cementation, the compressed air and unequal 
stresses break up the clods, causing them to slack into a pasty mass. 
Spreading out, portions of this slacked, more or less viscous material are 
drawn into the spaces between the clods so that the surface soon becomes 
much less permeable and, if unprotected by vegetation, quickly assumes 
a sealed condition resistant to rapid penetration of water. 
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The physical processes thus temporarily sealing the soil surface collec- 
tively produce the same effect as puddling, and the result is lowered 
infil tration and increased runoff. Frequently, this surface layer is so 
impervious that the soil at a depth of an inch or two will be dry, even with 
rain continuing. As rain proceeds, however, the abrasive force of the 
increased runoff produces increased scouring and cutting, which under 
certain conditions wears through the skinlike layer and starts trenching or 
rilling. Concentration in slight depressions, or as the result of deflection 
by obstacles in the pathway of flowing water, also produces channels or 
rills that serve to accelerate the erosive effect of the continuing rain. 



Fig. 48. — Hill eroaion, CTisacroas paUcrii. Ohio. {Phologra'ph by Soil (Urnttorvulion Senuve,) 


Soil thus surface sealed, especially where not incised by rill erosion, 
hardens (crusts) on. drying, frequently to sucli degree that where the 
material beneath is soft or loose, sprouting seeds are unable to pusli 
through the cemented layer. Under conditions of this kind, particularly 
on soils that do not crack or fracture readily, a physical situation is 
developed that favors excessive erosion with subscejuent rainfall. 

Muddied water not only serves to clog soil openings with material 
filtered from the percolating suspension, tlins accederating runolF and 
erosion, but frequently, if not generally, has a greater cutting effect than 
clear water, especially where the suspension carries sharp-edged mineral 
particles, such as sand derived from the breaking down of near-by 
quartz-bearing rocks. 

Rill Erosion. Instead of flowing evenly over a sloping field, runoif 
water generally tends to concentrate in streamlets of suflicient volume 
and velocity to generate increased cutting power. The result of this form of 
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runoff is rill erosion, whicli, in contrast to sheet washing, is characterized 
by small but well-defined incisions left in the land surface by the cutting 
action of the water. The trenching typically is straight lined, approxi- 
mately; but frequently the incisions join in intricate crisscross patterns 
(Fig. 48). 

From the practical standpoint, rill erosion is that type of accelerated 
erosion which produces small channels that can be obliterated by ordinary 
methods of tillage. 

It is more apparent than sheet washing but almost as often neglected. 
The small incisions are easily plowed over, so that most farmers are likely 



Fig. 49. — Eroded soil deposited over snow. Washington. {Photograph hij Soil Conservation 

Service.) 


to forget the tiny gashes or to minimize their importance once they are 
smoothed out with agricultural implements. With respect to extent of 
damage, this form of soil washing is about as serious as sheet washing. 
Being more conspicuous, however, more farmers realize the significance 
of the problem. 

Where slopes are smooth, runoff water ordinarily concentrates in rill- 
producing streamlets only where there is an intense rainfall and a rela- 
tively small amount of percolation. Rill erosion is consequently most 
common in regions of rather intense precipitation and on lands of low 
absorptive capacity. Soils with a high silt content are especially vulner- 
able, although the process usually occurs during heavy rains on all areas 
where loose soil overlies dense subsoil. The sudden melting of snow, such 
as takes place in the region of the Palouse (southeastern Washington and 
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adjacent parts of Idaho and Oregon) under the impact of warm winds 
from the Pacific (chinooks), produces very severe rill erosion. Frequently, 
the eroded soil is deposited on lower lying accumulations of snow to form 
peculiar patterns (Fig. 49) . 

Gully Erosion takes place either where the concentrated runoff from 
a slope increases sufficiently in volume and velocity to cut deep incisions 
(gullies) in the land surface or where the concentrated water continues 
cutting the same groove long enough to develop such incisions. Usually, 
gullies follow sheet erosion or result from the neglect of rills. But fre- 
quently, they have their beginning in slight depressions of the land surface 
where runoS water normally concentrates. Often they develop in natural 
field depressions or in ruts left by the wheels of farm machinery driven 
up- and downhill over soft ground. They frequently form also in the trails 
of livestock and along furrows running up and down the slope. 

Ordinarily, these erosion-produced channels carry water only during 
or immediately after rains or following the melting of snow. Gullies usually 
cannot be obliterated by normal tillage; most of them cannot be crossed 
by farm machinery. 

Once the gullying process has started, the shape of the incision is 
generally influenced by the relative stiffness, or resistance, of tlie soil 
strata and underlying rock material. For example, over much of the 
loessial soil regions and alluvial valley fills of the West, both surface 
soil and subsoil are commonly friable and easily cut by flowing water. 
Under such conditions, gullies tend to develop vertical walls which result 
from undermining and collapse of the banks. They extend at the heads 
and along the sides from water going in over the banks, and they l)rauch 
readily. Many of the barrancas and '‘washes’’ that have cut so deej)ly into 
portions of the landscape of various parts of the West and Southwest are 
typical examples of this U-shaped type of gully. ^ 

Where the subsoil is resistant to rapid cutting because of its lieavy 
texture or toughness, and especially where the underlying geological 
material, or substratum, is not essentially softer than the horizon above, 
gullies develop sloping banks and take a V-shaped form (Fig. 50). This 
type is commonly found in areas where the surface soil is underlain by a 
stiff clay. Although V-shaped gullies usually develop less rai)idly than 
other types, they frequently present an equally serious hazarcl. 

Still another type, representing, at least temporarily, a combination 
of the U-shaped and V-shaped gullies, prevails in certain localities. This 
third type develops first as a V-shaped gully. But after the water has cut 
below the resistant subsoil, it strikes an underlying stratum of loose or 
soft rock material. Undercutting and caving then occur as the result of 

^ Ireland, H. A., Sharpe, C. T., and Eargle, D. H. Principles of Gully Erosion in the 
Piedmont of South Carolina. U, S. Dept. Agr. Tech. Bull 633, 1938. 
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'Fig, 51. — South Carolina Piedmont gully which began as V-shaped ravine. The change 
to XJ shape, with vertical walls, was caused by undercutting of soft, decomposed granitic 
rock. {Photograph by Soil Conservation Service,) 
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this difierential erosion, and the incision changes from a V-shaped to a 
U-shaped channel. In the more advanced stages, these gullies closely 
resemble the barrancas of the West. Gullies of this type have developed 
within half a century to depths of 40 to 100 feet in the southern Piedmont 
region (Fig. 51), especially in localities where decomposed granitic rock 
{C horizon) underlies a subsoil (B horizon) of brittle, red clay; in rolling 
sections of the Atlantic-Gulf coastal plain and in western valley-fill areas 
where firm or moderately firm clay overlies a soft sandy stratum (Fig. 52) ; 



Fig. 59,.- -Undercut Ling type of western gully. New Mexico, {Photx}gra%)h hy Hoil Conscmi- 

tion Service.) 


and in the areas of loessial soils where soft, unstable silt underlies a 
comparatively firm B horizon of higher clay content, as in the Memi)his 
silt loam along the lower Mississippi. 

The undercutting, or XJ-gully, is one of the most destructive typos as 
well as one of the most difficult to control. Ordinary dams are not a sure 
means of checking their growth; special procedures are necessary. Diver- 
sion of water from the heads and sides is generally essential to success. 
Following this, stabilization can be effected, as a rule, by establishing 
protective vegetation in the ravines. 

A peculiar type of gully, common to soils having tough clay or claypan 
subsoil, such as the shallow loessial soils overlying intractable clay (as the 
Grenada silt loam of western Mississippi and Tennessee (Pig. 53) and the 
claypan soils of the West, especially those of high sodium content, 
expands laterally about as rapidly as in the direction of the head (Fig. 54). 
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This process seemingly is governed by the fact that the resistant, tough 
subsoil, where exposed, tends to direct runoff toward the less stable 



Fig. 54.— Gully erosion on soil having tough clay subsoil, southwestern California, 


material of the sides, where bank erosion, undercutting, and caving cut 
back the enclosing walls. 

Another type of gully erosion is that characterizing the exceedingly 
plastic, heavy clays of the humid region, such as the subsoil of the Iredell, 
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Susquehanna, Lowell, and White Store soils. ^ These tough clays when wet 
are so adhesive that clear water seems almost incapable of prizing the 
grains apart. If only clean water runs over the exposed clay, there may be 
very little erosion save that which removes the loosened fragments 
formed when the clay dries, shrinks, and scales or cracks into blocky 
fragments. Muddy water, however, especially that containing sand, 
gradually abrades the clay material to form broad, shallow gullies, with 
gently sloping sides (Fig. 55). A somewhat similar type common to the 



Fig. 55. — Broad, shallow gully on tough clay. South Carolina. {Pholograph by ISoil 

Conservatio7i ^^ervice.) 


Black Belts of central Texas and central Alabama and Mississippi 
(principally on the Houston soils) is even shallower and broader. (Jon- 
tinuing sheet erosion develops washes of this latter type, often in situa- 
tions where there was little or no depression in the original surface. 

Where sandy soil overlies a heavy material, as clay or silty clay, gully 
erosion in arid and semiarid regions usually is not so disastrous as wliere 
the textural stratigraphy is the reverse, provided the su))layer is not 
composed of such excessively loose material as uncemented sand or gravel. 
This is due to the fact that the sandy soils, even those containing much 
clay, of low-rainfall areas do not, as a rule, develop tlie peculiar columnar 

^ These and other soil series and types referred to in ihi.s volume are de.soribed in the 
soil survey reports of the U. S. Departraent of Agriculture Bureau of C-liemisLry and 
Soils; in Soils of the United States, “Atlas of American Agriculture,” U. S. Department of 
Agriculture, 1936; and in various other publications referred to. 
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structure so characteristic of clay soils and soils of high silt content. The 
vertical splitting associated with the development of such columnar 
structure speeds up gully expansion by blocking off and causing to fall in, 
after undercutting, large masses of soil from the sides and also hastens 
the development of lateral gullies along the lines of splitting. In the former 
instance, gully control would be largely dependent on the installation 
of efficient dams; in the latter, both the sides and the heads of the gullies 



Fig. 56. — ^Left, pothole gully scouring, which sometimes results in the development 
of a corkscrew curvature in gully bottom, such as that to the right. {Phoiograyh by Soil 
Conservation Service.) 


would have to be protected from the disastrous effects resulting from 
direct entrance of water. Without such protection, dams probably would 
not be very durable. 

The effects of such structural erosion are most commonly seen, in the 
United States, in association with the trenching of valley fills and alluvial 
plains of the Southwest. 

Other peculiarities of gully erosion are directly or indirectly related to 
soil character, such as the tunnel type of gully development, where rodent 
holes and holes left by the decay of plant roots enlarge and finally cave in. 
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The highly friable, very fine sandy soils found in parts of the Great Basin 
region are peculiarly susceptible to tunnel erosion. In the great areas of 
loess in Northern China, the development of such tunneling is commonly 
associated with structural fissures, like those responsible for the lateral 
gully formation (and sometimes tunneling) referred to above. 

The grooved, or shelving, type of badland erosion produced by unequal 
removal of material from exposed strata of varying resistance (differential 
erosion) is responsible for the short, steep gullies and peculiar erosion 
patterns met with in the Dakotas and many parts of the West. 

Some of the structural peculiarities involved with the sculpturing of 
gullies are not fully understood. For example, it is not clear why ordinary 



i»p^l 




Fig. 57 . — Waterfall ero.sioii al licad of gully. (Photogrwph by Hoil (lonmrvafwri Hermes.) 

V-sliapcd gullies, such as those commonly found on Llic red granitic lands 
of the southern Piedmont, tend to follow relatively sLraiglit lines, wliereas 
another type of V-gully, that common to deep moderately plastic clay 
soils of shale origin, found in parts of the Southern Appalachian region 
(as in the vicinity of Rome, Ga.), assumes an almost corkscrew curvature 
near the bottom, with frequent potholes at the bottom. Figure 56 illus- 
trates the 'pothole type of gully cutting, which probably accounts for the 
corkscrew curvature in gully bottoms. 

Waterfall erosion contributes to gully extension by undercutting the 
sublayers, principally at the heads of the trenches (Pig. 57). It also 
contributes to the development of tributary gullies and to some extent 
to lateral expansion. Gully growth by this activity proceeds principally 
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as the result of differential cutting back of the vari-textured layers exposed 
in the sides. Especially is the process active in soils having soft or unstable 
substrata, functioning, in effect, after the manner of normal gully under- 
cutting in soils of this type. 

This type of erosion is also distinctively effective in cutting away soil 
at the base of neglected field terraces, particularly where the channels 
have filled to such extent that runoff overtops the benched strips. 

Effect of Soil Fragmentation on the Erosion Process. Some 
soils, especially clays and clay loams of arid and semiarid regions having a 
high content of water-soluble salts, crack or scale on the surface of erosion- 



Fig. 58. — Gully bank erosion by surface scaling or fragmentation. Arizona, {^holograph 

hy Soil Conservation Service.) 


exposed subsoil in such manner as frequently to supplement the direct 
effect of erosion. Under such conditions, the slightest ground disturbance, 
such as a puff of wind, the tramping of stock, or a shower of rain, fre- 
quently causes the loosened or partly loosened fragments to fall off. These 
tend to accumulate in the bottom of gullies to be swept away with the 
next rain or to lodge on shelving positions or behind fragments of vegeta- 
tion on steep slopes to be set in motion as small avalanches by any 
disturbance of the talus material. 

The sides of gully walls in some of the common valley clays of the 
Western grazing region, such as the valley phase of Reeves silty clay in 
west Texas and New Mexico,^ flake or crack off on drying to hasten lateral 

^ Soil Survey, Trans-Pecos Area, Texas. Bur. Chemistry and Soils, U. S. Dept, of Agr. 
(Series 1928) No. 35. 
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spread of water-eroded trenches. Rains dislodge from gully walls many 
of the partly loosened fragments, and with drying thereafter the surface 
cracks or flakes again to continue the process through alternate wet and 
dry conditions. It frequently happens that holes are thus cut through the 
inter-gully walls to assist in lateral growth of the ravines (Fig. 58). 

Rock Ekosion Phase or the Geologic Pbocess. Those more 
violent effects of erosion characterized by such examples as the badlands 
of the Dakotas and the “painted desert” areas of the Southwest usually 



59. — Hock erosion. {PhotogTa 2 )h by Soil (lonservation Scrviao,) 


have been assigned to the geologic process. Since man has liad no caxisa- 
tive association with this type of crosional activity, so far as can be 
determined, the classification in that sense is correct. 

From the geologic viewpoint erosion has been going on, of course, since 
the land was first uplifted from the sea. It would seem, thei‘efore, that in 
the arid parts of the Southwestern States, where, locally, vegetative cover 
probably never has been very effective under existing climatic conditions, 
erosion may be far older than the advent of primitive man or even the 
appearance of the bufi'alo. Grazing by all forms of animal life, extant 
and extinct, may have played a part. The rate of erosion within these 
areas, of course, may have been accelerated in more recent time by the 
activities of man. 
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In so far as the immediate erosion problem is concerned, however, 
there is no pressing necessity to go behind the records that have been 
written on the land as the result of man’s occupation and use of the land. 
For this reason, these advanced effects of long-continuing erosion, along 
with those produced by the abrasion of stream flow and wind through 
indeterminable time, such as the mighty canyons of the world and the 
fantastic rock carvings of western United States, will be assigned to the 
rock erosion phase of the geologic process (Fig. 59). 

Assorting Effect of the Erosion Process. To some degree, 
especially on sandy soils subjected to rains of moderate intensity, runoff 
picks up and carries away the finer, lighter particles by a process of 
elutriation, or selective erosion, leaving behind the larger, heavier particles. 
Thus, heavy sandy loam is sometimes changed to light sandy loam or, 
perhaps, even to sand; and loam may be changed to light loam or even 
to fine sandy loam. With clay soils and soils of granular or fragmental 
structure, however, there seems to be much less tendency toward textural 
changes by such selective removal of the finer material. The indications 
are that under intense rains, the selective effect of runoff is not so pro- 
nounced, the tendency being more toward cutting away of soil bodily. 

A conspicuous effect of selective erosion is seen in the formation of 
erosion pavement, ^ where, as the fine material is gradually removed from 
gravelly or stony soil, more and more of the coarse constituents accumu- 
late at the surface. In time, the surface becomes paved or cobbled, and 
such pavement tends to reduce or even prevent further erosion except 
where runoff from heavy rains is sufficient to move the gravel and so cut 
into the soil beneath. 

The assorting effect of water on the solid suspension is far more 
pronounced when runoff, with its load of soil, enters a stream, although 
the process is much the same as the direct selective action on land. Stream 
flow carries the finer products of erosion much greater distances than the 
coarser, heavier particles. As a result, the less productive coarse material 
— sand, gravel, and sometimes cobbles — frequently is left as overwash 
which damages valley lands. Also, much coarse bed-load material is left 
in the stream channel, on bars and riffles, and some of it finds its way 
into reservoirs. 

An example will illustrate how violently rushing flood water assorts 
the finer, more productive material from soil washed into streams, to leave 
behind coarser and much less productive alluvium : 

In September, 1936, as the result of a destructive flood produced by a 
9|-iiich rain, a layer of coarse sand, ranging up to 24 inches in depth, 
was deposited over the much finer textured soil of portions of the alluvial 
plain of Eighteen-mile Creek, near Clemson College, South Carolina 

1 Shaw, C. E. Erosion Pavement, Geog, Rev,, Vol. 19, No. 4, October, 19^9, 
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(Pig. 60). Mechanical analyses show in this instance, as in numerous 
others throughout the country, an increase in coarseness of texture 
upward through the profile (Table 3), as progressive deposition has raised 
the surface of the alluvial plain. The material at 90 inches, representing 
the surface soil under virgin conditions, contains 17 per cent of all grades 
of sand; the intermediate layer contains 83 per cent; and the top layer 
(the deposit by the 1936 flood), 93 per cent. With respect to rates of 
deposition, investigation of the whole profile, covering the character and 
depth of deposits before and after agricultural occupation, shows that rate 




Fig. 60. — Productive alluvial soil buried under nonproductive coarse sand by a flood 
resulting from a 9j-incli rainfall on Sept, 1036. Eighteen-mile Creek, near (!lemson 
College, S. C. {Photograph by Soil Conservation Service.) 


of sedimentation has increased greatly since the land was brought into 
cultivation. As regards fertility, chemical analyses sliow that the coarse, 
light-colored material of the 1036 flood contains only 0.10 per cent organic 
matter, 0.01 per cent phosphoric acid, and 0.007 per cent nitrogen as 
compared with £.98 per cent organic matter, 0.1 6 per cent plK)sj)horic acid, 
and 0.09 per cent nitrogen contained in the sediniients of tile jireagricul- 
tural, or virgin, stage. Stated differently, the original dark-colored, fine- 
textured, productive, virgin soil of the preagricul tural stage shows a 
content of approximately thirty times as much organic mallear, thirteen 
times as much nitrogen, and sixteen times as much phosphoric acid as the 
recent deposit of almost sterile sand. 

The content of nitrogen, phosphoric acid, and potash in the alluvium 
corresponding to virgin conditions within the watei'shed of this stream 
appears to be about the same as the average amount of those constituents 
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in the predominant upland soils of the watershed (mainly soils derived 
from granitic rocks, such as Cecil sandy loam and Cecil clay loam). The 


Table 3. — Chemical and Physical Analyses^ op Surface, Intermediate,^ 
AND Deep Alluvial Deposits^ through the Profile op the Alluvial 
Plain op Eighteen-mile Creek, near Clemson College, S. C.^ 






Depth of 
Dark-colored 
Layer Probably 



Depth of 


Representing 



Light-colored 


Virgin Soil 



Surface Layer 

Depth of Layer 

at Beginning of 



Deposited by 

Immediately 

Agricultural 



Flood of 

beneath Surface 

Operations in 



Sept. 29, 1986 

Deposit 

Watershed 



0 to 24 In. 

25 to 32 In. 

90 to 93 In. 



Per Cent 

Per Cent 

Per Cent 

Organic matter 


0 10 

1.47 

2.98 

Nitrogen 


0.007 

0 04 

0.09 

Phosphoric acid 


0.01 


0.16 

Potash 


2.41 


2.44 

Pine gravel 

Sand (coarse, medium, 

fine, 

4.5 

0.2 

0.0 

and very fine sands) . , 


93.4 

83.5 

17.1 

Silt and clay (diameter silt 




0.05 to 0.005 mm., 
0.005 to 0 mm.) 

clay 

2.0 

15.3 

80.1 

Ultra fine (colloid, diameter 




0.002 to 0 mm.) 


1.0 

7.6 

32.5 


^Analyses by Bureau of Chemistry and Soils; samples collected by Soil Conservation 
Service following record flood of Sept. 29, 1936. 

2 The layers between the depth of 33 and 90 inches were highly diverse texturally 
but averaged finer grained than the layers above and coarser than those below. 

2 Original flood-plain deposits. 

^ About 200 yards below Anderson- Clem son College Highway, south side of creek. 

topsoil of Cecil sandy loam and Cecil clay loam in the southern Piedmont 
contains an average of 0.10 per cent nitrogen, 0.1^ per cent phosphoric 
acid, and 1.^7 per cent potash (average of horizons Ai and A 2 ), according 
to analyses of carefully selected virgin samples.^ However, the content of 
phosphoric acid is a little higher and of potash considerably higher in the 
old alluvium than in the virgin upland (or parent soils), indicating some 
possible selective removal of these constituents by water erosion. 

Available information indicates that water erosion generally tends to 
remove soil bodily rather than by a process of selecting either the finer 

^ Soils of the United States, “Atlas of American Agriculture/’ U. S. Department of 
Agriculture, pp. 55, 56, 58, 1936. 
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particles or the more soluble constituents. It is obvious, however, that 
there is some selective action with respect to removal of the finer particles, 
particularly from the coarser grained soils. Such assorting effect probably 
is considerably more pronounced in the process of wind erosion than with 
water erosion (see ‘‘Erosion by Wind,” page 116). 

Mechanical analyses of samples of washoff from the same type of soil, 
at the soil and water conservation experiment stations, show considerable 
selective action in the removal of coarse and fine material, particularly as 
between light and heavy washoffs, for some soils and very little differenee 
for others.^ For example. Table 4 shows that where the ground was 
covered with sweetclover, washoff from Vernon fine sandy loam carries 
much more clay and much less sand than from the heavier runoff and 
washoff from the area devoted to cotton. The results show also that the 
material eroded from the cotton area contains practically the same rela- 
tive amounts of sand, silt, and clay as the parent soil. But the lighter 
washoff from sweetclover shows a marked difference from the soil in place, 
with respect to content of these three classes of material. 


Table 4. — Sand, Silt, and Clay in Washoff from Cotton and Sweetclover, 
Bespbctively, Growing on Vernon Fine Sandy Loam, 9.75 Per Cent 

Slope^ 



Eun- 

off, 

per 

cent 

pre- 

cipi- 

tation 

Ero- 

sion, 

tons 

per 

acre 

Washoff 

Soil in place 


Sand, 

per 

cent 

Silt, 

per 

cent 

Clay, 

per 

cent 

Sand, 

per 

cent 

Silt, 

per 

cent 

Clay, 

per 

cent 

Cotton 

14.7 

68.5a 

74.7 

17.32 

6.8 

74.3 

17.1 

7.5 

Sweetclover 

9.0 

0.56 

15.1 

38.9 

36.3 

73.6 

16.1 

9.1 



^ Soil and water conservation experinaent station, Guthrie, Okla., 


The various other types of land investigated (ICirvin fine sandy loam, 
northeast Texas; Colby silty clay loam, western Kansas; Houston black 
clay, central Texas; Shelby silt loam, north-central Missouri; Cocil sandy 
clay loam, west-central North Carolina; and Marshall silt loam, south- 
western Iowa) do not show such marked selective effect of erosion in the 
removal of fine material as in the instance of the Vernon fine sandy loam 

1 Middleton, H. E,, Slater, C. S., and Byers, H. G. The Physical and Chemical Char- 
acteristics of the Soils from the Erosion Experiment Stations, XJ. S. Dept. Agr. Tech. Bull. 
430, 1934 
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of Oklahoma. Results obtained on Houston clay at Temple, Tex., for 
example, show very little difference as between the mechanical composi- 
tion of the soil in place and the washoff derived from this soil. The results 
obtained from Nacogdoches fine sandy loam of Texas, however, show 
considerable selective effect as between the comparative amounts of fine 
material removed in light and heavy washoff, much like that exhibited 
by the material eroded from Vernon fine sandy loam. 

With respect to selective removal of organic matter, Middleton, 
Slater, and Byers say: ‘‘Practically in every case the organic content of 
the washoff is greater than in the soil composite. 

Duley and Miller, in discussing their studies of the effects of erosion on 
Shelby loam, say: “Chemical analyses showed that the amounts of 
nitrogen, phosphorus, calcium, and sulphur in the eroded material from 
corn or wheat land may equal or exceed the amounts taken off in the 
crops. 

The effects of dam failures and cloudbursts show that there is no limit 
to the size of the soil particle and almost none to the size of individual 
boulders that can be moved by flowing water, provided the velocity and 
volume are great enough. 

According to a principle of hydraulics, the weight (or volume) of a 
particle moved by flowing water varies as the sixth power of the velocity; 
or, in other words, if the velocity is doubled, the weight (or volume) of a 
particle that can be moved is multiplied by 64. This principle, or law, is 
based on idealized conditions which never occur in nature. The corre- 
sponding law applicable to natural conditions has not yet been deter- 
mined. Available data and observations indicate, however, that the weight 
of particles that flowing water will transport under natural conditions 
varies more nearly as the fifth power of the velocity, or possibly slightly 
less. In other words, if the velocity is doubled, the weight (or volume) of 
the particle that can be moved is multiplied by 32 or a number slightly 
less. 

It must be remembered that this refers only to size of the particle and 
not to the total volume of material that can be moved under similar 
conditions. On this question, scientific and engineering literature throws 
even less light, but it may be reasonably safe to state that, by analogy, 
the quantity of material that can be moved by flowing water under 
natural conditions would vary approximately as the fourth power; or 
if the velocity is doubled, the quantity will be multiplied by 16. 

^ Middleton, H. E., Slater, C. S., and Byers, H. G. The Physical and Chemical Char- 
acteristics of the Soils from the Erosion Experiment Stations, U. S. Dept. Agr. Tech. Bull. 
430, 1934. 

2 Duley, F. L., and Miller, M. F. Erosion and Surface Runoff under Different Soil 
Conditions, Univ. Mo. Research Bull. 63, 1923. 
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Dubuat^ finds through his investigation of the transporting power of 
water that the velocity at which movement of various material just starts 
is as follows: 


Material 

Potter’s clay - 

Coarse angular sand 

River gravel, size of aniseed 

River gravel, size of peas 

River gravel, size of common, beans 
Rounded pebbles 1 in. in diameter 
Angular flints, about in 


Velocity Required to Start 
Movement, Feet per Second 

0.27 to 0.35 

0.7 to 1.1 

0.35 to 0.53 

0.62 to 0.7 

lA to 1.55 

2.1 to 3.2 

3.2 to 4.0 


The increased power of water to move a particle of soil or a pebble, 
when the velocity is increased, will vary greatly with the physical situa- 
tion. If the particle or pebble lies free on the surface, unsupported by 
vegetation or other physical stabilizers, movement will tend to accord 
with this formula. Under conditions of support, however, resistance to 
movement may partly or completely counterbalance the increased impact 
of running water produced by increased velocity. 

Erosion by Wind 

In its arena of activity, erosion by wind presents a problem of equal 
gravity to that of water erosion. Often it occurs in areas where water 
erosion also is active, but in any one locality the two types rarely assume 
an equal degree of importance. Soil washing attains its most serious 
proportions on land with a considerable degree of slope and an intensive 
rainfall; soil blowing, on the other hand, becomes an acute problem on 
both level and sloping areas of low rainfall. 

Unlike erosion by water, wind erosion is not easily divisible into forms 
or subtypes. One example of soil blowing ordinarily differs from another 
in degree rather than in kind, in so far as present knowledge of the wind 
erosion process goes. Research in the aerodynamics of soil movement, 
now under way, indicates that a number of fundamentals involved with 
the process may prove helpful, when understood, in developing techniques 
for control of wind erosion. In severity, wind erosion may range all the 
way from a slight disturbance of the surface soil over a small area to the 
huge dust storms that sweep across many states, remove countless tons 
of soil, and constitute a major catastrophe.^ 

^ Dubuat-NanQay, L. G. “Principcs d’hydraulique.” Paris. 1786. 

2 Free, E. E. The Movement of Soil Material by the Wind, U. S. Dept. Agr. Bur. 
Soils Bull. 68, 1911. 
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Under conditions of normal ground cover and natural soil equilibrium, 
wind erosion, like water erosion, proceeds with the slowness of a normal 
geologic process. Air currents, with their momentary eddies and deflec- 
tions, pick up soil material in small quantities, transport it from one area 
to another, and aid in the development of new soils. But in relatively flat 
and gently undulating, treeless regions, like the Great Plains, where the 
sweep of wind is almost unbroken by topographic irregularities, any 
violent disturbance of the natural vegetative cover brings on a tremend- 
ous acceleration of the wind erosion process. 

When the grass cover is removed by plowing, the original stability of 
the soil is greatly reduced. Cultivated soil, depleted of the binding effect of 
grass roots and of the spongy organic matter that normally accumulates 
under a cover of grass, becomes less cohesive. After periods of subnormal 
rainfall, it turns into a dry powdery substance, lying loosely over the 
surface of the land. This loose, dry material is easily swept up by the wind 
and transported over long distances. The coarser, heavier particles left 
behind are blown along near the surface to accumulate about obstacles 
in their path, such as clumps of vegetation, ground hummocks, houses, 
farm implements, and fences. 

Soils vary considerably in their resistance to wind erosion, depending 
generally on their structure, size of particles, and content of organic 
matter. Neither coarse sands nor heavy clays, however, are immune. 
Actually, the former are more susceptible and usually begin to blow 
immediately after plowing. The finer textured soils, especially those of 
granular structure, generally show the greatest resistance. These some- 
times remain undisturbed through years of cultivation, although, when 
subjected continuously to diminution of organic matter under cultivation, 
the granules break down eventually, and the deflocculated particles are 
susceptible to wholesale removal by wind. 

The action of wind, as well as water, on the soil is something like that 
of a sieve. Wind picks up the lighter, more fertile soil particles and lifts 
them into the pathways of high air currents, which often carry them for 
hundreds and, at times, thousands of miles. The coarser, less fertile 
particles skip and roll along the surface until they pile up in drifts behind 
obstacles. A comparison of the soil material blown away by a dust storm 
with that left behind reveals in striking fashion this sifting nature of the 
wind erosion process. 

Early in 1937, a dust storm originating in the Texas-Oklahoma Pan- 
handle country traveled northeasterly across many states and on into 
Canada. Soil material laid down by the storm on snow and ice in Iowa 
was collected and compared with samples taken from a small dune formed 
by the same wind disturbance near Dalhart, Tex. Analyses (Table 5) 
show that the dust carried a distance of more than 500 miles contains ten 
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times as much organic matter, nine times as much nitrogen, nineteen 
times as much phosphoric acid, and 45 per cent more potash as compared 
with the dunesand piled up in the general locality of the dust storm’s 
source. The transported material is seen to be of much finer texture, 
containing no sand whatever, as compared with nearly 9^ per cent sand 
in the residuary, drifting dune left behind. 

Table 5. — Summaby of Chemical and Physical Analyses of Virgin Soil, 
Dunesand, and Dust Derived From Cultivated Soil as Result of 
Storm on and Preceding Feb. 6, 1937.^ 

Dunesand, near 
Dalhartf Tex. Dust, near 



XJnplowed 

(Formed on and 

Clarinda, Iowa 


Grassland, 

Immediately 

(Collected from 


near Dalhart, 

Preceding 

Surface of Snow, 


Tex. 

Feb. 6, 1937) 

Feb. 8, 1937) 


Per Cent 

Per Cent 

Per Cent 

Organic matter 

1.06 

0.33 

3.35 

Nitrogen 

0,06 

0.02 

0.19 

Phosphoric acid 

0.04 

trace 

0,19 

Potash 

2.05 

1.77 

2.58 

Sand (coarse, medium, fine, 
and very fine sands) 

79.2 

91.8 

0.0 

Silt and clay (diameter silt 
0.05 to 0.005 mm., clay 
0,005 to 0 mm.) 

19.6 

7.5 

97.0 

Ultra fine (colloid, diameter 
0.002 to 0 mm.) 

8.1 

5.2 

33.4 


^ Samples of grassland and new dune collected by 11. H. Finncll, Boil Conservation 
Service; dust sample collected by R. A. Norton, soil and water conservation experiment 
station, near Clarinda, Iowa; analyses by Bureau of Ciicmistry and Soils. 


As compared with virgin grassland in the general vicinity of the 
storm’s origin, analyses indicate a similar assorting cficct with respect to 
removal of both soil particles and chemical constituents. Table 5 shows 
that the unaffected grass-covered soil carries 79.2 per cent coarse material 
(total sands) as compared with no sand in the dust and 19.6 per cent fine 
material (silt and clay) as compared with 97 i)er cent in the dust. The 
indicated selective trend as regards chemical constituents is as follows: 
The dust contains more than three Limes as much organic matter and 
nitrogen, respectively, than the virgin soil, nearly five times as much 
phosphoric acid, and 26 per cent more potash. 

A sample deposited by the same February storm at Hays, Ivans., about 
300 miles from the area of disturbance, was found to contain 3.7 per cent 
sand, 67.8 per cent silt, and 25,3 per cent clay, indicating, in comparison 
with the sample collected at Clarinda, Iowa, 500 miles from the source of 
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material, that the coarser materials gradually settle out as dust storms 
move away from their point of origin. Most of the coarse material in this 
Kansas sample was of the class “very fine sand,” with a diameter range 
from 0.1 to 0.05 mm., but part of it was of larger size 0.4 per cent fine and 
0.3 per cent medium sand. The content of organic matter was practically 
the same as that in the sample collected at Clarinda, Iowa (3.34 per cent) ; 
whereas both the phosphoric acid and the potash were a little lower (0.14 
and £.46 per cent, respectively). 

Table 6. — Chemical Analyses of Unplowed Grassland, Dunesand, and 
Dust from Near Dalhart, Tex.; Hays, Kans.; and Clarinda, Iowa^ 
Unplowed 

Grassland, near Dunesand, Dust from 

Dalhart, Tex, near Dalhart Hays, Kans. Clarinda, Iowa 
Per Cent Per Cent Per Cent Per Cent 


SiOz 87. £4 91.35 69.87 66.31 

TiOz 0.£4 0.15 0.55 0.63 

AI 2 O 2 6.07 4.37 11.53 13.93 

FezOa 1.14 0.79 £.88 4. £4 

MnO 0.03 0.0£ 0.07 0.10 

CaO 0.34 0.31 3.15 1.98 

MgO 0.£5 0.14 1.08 1.43 

KzO £.05 1.77 £.46 £.58 

NazO 0.6£ 0.£5 1,18 0.9£ 

P 2 O 5 0.04 trace 0.14 0.19 

SO 3 0.03 0.03 0.30 0.18 

Ignition loss 1.84 0.84 6.60 7 . £6 

Total 99.89 100.0£ 99.81 99.75 

Nitrogen 0.06 0.0£ 0.£0 0.19 

Carbon dioxide None None 1.31 0.71 

Organic matter ... 1.06 0.33 3.34 3.35 


^ Analyses by Bureau of Chemistry and Soils. 

Table 6 shows the chemical composition of the grassland and dunesand 
in Texas and of the dust samples collected in Kansas and Iowa. 

Samples of various other wind-blown deposits indicate similar selective 
removal of the finer, richer components of the soil. 

Although this was a major dust storm, its density was not so great as 
that of some of the others that have struck out of the Plains since 1933. 
The amount of material falling at Ames, Iowa, during this storm of 
Feb. 7, 1937, is reported at 34. £ tons per square mile; at Marquette, Mich., 
14.9 tons; and in New Hampshire, 10 tons per square mile. The sheet of 
ice and snow that covered much of Iowa at the time of the February storm 
was colored ash-gray by the material. The high content of ultra fine 
particles had the effect of making the ice exceedingly slippery, and injury 
to livestock from slipping and falling was reported by many farmers. 
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Various measurements of the amount of dust in the air reported by 
observers indicate that more than 100 tons of dust per square mile fell in 
parts of the country affected by the great dust storm of May 12, 1934, 
which covered a vast territory extending from the vicinity of the Rocky 
Mountains to several hundred miles out over the Atlantic. 

In Europe, the amount of material that fell in Westphalia during the 
dust storm of 1859, supposed to have originated in the Sahara (a sirocco), 
is reported at 85.8 tons per square mile.^ 

Free defines the complete removal of the fine material of the soil 
(‘‘deflation”) as “the aeolian analogue of the removal of water-borne silt 
by the rivers.” He also ascribes the sandy or stony character of deserts 
to this phase of wind erosion and points out that “desert pavements” are 
formed principally by the removal of the fine components of a gravelly or 
stony soil through wind action. This leaves the larger material to form a 
pavementlike cover, just as water erosion develops erosion pavement. 

Some of the more important differences between the processes of water 
and wind erosion are as follows: Water erosion takes place downslope, and 
the transported products, concentrated along drainage lines, are carried 
to or part way to the sea, whereas wind erosion, not being controlled by 
gravity so completely as water erosion, proceeds in any direction, affecting 
both level and sloping land, according to the direction of air currents. The 
lighter wind-borne materials, traveling long distances, are laid down any- 
and everywhere and usually so thinly as not to constitute a hazard by 
accumulation in stream channels and reservoirs. True, the coarser wind- 
eroded residuary materials are likely to blow faster downhill than across 
level areas. Such ground drift represents a hazard to anything in its path. 
Except in the instance of coarse-textured soils, wind does not transport 
material from land in a condition of saturation or near saturation, which 
frequently favors erosion by water. 

The popular conception of wind erosion is that it is confined to arid and 
semiarid regions. Although, to be sure, the most severe damage occurs in 
such regions, the process frequently aflects seriously the more sandy soils 
of humid regions. Along the Atlantic seaboard, for example, sand trans- 
ported by wind from cultivated fields sometimes chokes drainage ditches 
and frequently damages young plants. Vegetable growers in parts of the 
Atlantic States, such as the vicinity of Charleston, S. C., sometimes 
practice strip cropping as a means of reducing abrasion by wind -driven 
sand. Muck and peat lands, also, arc sometimes strip cropped in the Great 
Lakes region to prevent the light soil particles from blowing away. 

In some localities, for example in western Michigan, relatively unpro- 
ductive sand, transported as ground drift, frequently covers up the lower 

^ Free, E. E. The Movement of Soil Material by the Wind, U. S. Dept. Agr. Bur. of 
Soils B'ull 68, 1911. 
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lying areas of agricultural land. On many farms where muck is the most 
productive land, this type of damage is very serious, frequently causing 
abandonment. In addition to areas now blowing, much land of sandy 
character, in this and other parts of the Great Lakes region, is potentially 
subject to this hazard. If present farm practices are continued, exhaustion 
of the binding organic matter will cause serious soil movement by wind. 

Type of Dust Storms. Some attempt has been made recently to 
classify dust storms. For example, ‘‘black dusters,’’ as they are sometimes 
called in the Panhandle country of Texas and Oklahoma, are said to be 
associated with northwest winds traveling at a rather high velocity and 
lasting 10 hours or more. These storms have covered areas 600 miles in 
length and 400 miles in width, with an average ceiling height of 7,500 feet. 
Strong southwest winds are said to produce lighter colored dust storms, 
which, although not so spectacular as black dusters, may cover even larger 
areas and attain an average ceiling height of 10,000 feet. By comparing 
the density of dust at various heights, it has been estimated that a storm 
covering 5,000 square miles may transport in the air more than seven 
million tons of soil, or the equivalent of an inch of soil over 46,000 acres. 
It has also been estimated that severe black dusters covering 175,000 
square miles may transport more than 200 million tons of soil. Mechanical 
analyses of a large number of samples collected in the Southern Plains 
area show that the soil of recent wind drifts (local accumulation) contains 
about 25 per cent more sand and about 38 per cent less silt and clay than 
the surface soil of uncultivated areas of the same type of cultivated land 
on which the erosion took place. ^ Comparison of the analyses of the wind- 
drifted soil and the noneroded soil indicates that of the sandy types, such 
as those which cover large areas in the Plains country and certain other 
parts of the United States, three-fourths of the soil shifted by wind is 
drifted material accumulated against fences and other obstructions, with 
approximately one-fourth removed beyond the boundary of the fields 
from which the samples were collected. On the finer textured soils, a high 
proportion is removed beyond the boundaries of the fields. Thus, a severe 
storm transporting millions of tons of dust would leave from two to four 
times that amount piled as troublesome drifts along fence lines, over 
highways, around buildings, and on croplands. 

The small dust storms that play over dry, plowed fields under the force 
of gentle winds, and the spiraling “dust clouds” (Fig. 61) of whirlwinds so 
frequently seen over the western landscape, generally do little individual 
damage. But such small blows increase in size with increased wind velocity ; 
frequently, the local dust clouds combine to develop big dust storms, such 

1 Daniel, Harley A., and Langham, Wright H. The Effect of Wind Erosion and Cultiva- 
tion on the Total Nitrogen and Organic Matter Content of Soils in Lhe Southern High 
Plains, Jour, Am. Soc. of Agronomy ^ Vol. 28, August, 1936. 
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as settlers in the plains described decades ago.^ Such dust clouds, although 
frequently traveling many miles and causing considerable annoyance, 
are not comparable in size to the major dusters** — the big black dust 
clouds (Pig. 62) — that, from time to time since early in 1934, have driven 
from the heart of the continent across to the Atlantic or out over the Gulf. 
Nevertheless, the big blows sometimes represent a composite of dust 
lifted from numerous fields in the path of the wind. 

Examples of Normal and Accelerated Rates of Erosion. The 
normal rate of erosion from Cecil sandy clay loam, for example, on a 
10-per cent slope, in the middle southern Piedmont, is probably some- 
where near 0.00^ ton soil loss per acre per annum. This is the average 



Pig. 61 . — ^Local wind erosion by whirlwinds blowing, spirally, the loose, dry soil. {Photo- 
graph by ^oil Conservation Service,) 

annual rate at which soil has been lost from such land over a 5-ycar period 
under a good cover of forest, protected from fire. Measurements over a 
longer period may change this figure slightly, but it probably is not very 
far from correct, since the measurements on which it is based have 
covered a considerable range of rainfall conditions and relate to the same 
soil and slope, under the same undisturbed forest cover. 

Such a rate of soil loss means that if there should be no rebuilding of 
soil from beneath, about 575,000 years would be required to wash off the 
7 inches of topsoil normally found on this type of land, under the native 
cover of hardwoods. At such slow rate of planation, soil probably rebuilds 
from beneath fast enough to balance surface removal. At any rate, a layer 

^ Throckmorton, R. I., and Compton, L. L. Soil Erosion by Wind, Kansas State Board 
Agr. Kept., December, 1937. 



PRINCIPLES, PROCESSES, AND TYPES 


123 


approximately 7 inches deep has been maintained for an undeterminable 
period in the southern Piedmont, under forest conditions essentially 
identical with those on the area where the measurements were made. 

The time required to lose the 7-inch layer of surface soil from the same 
kind of land under the accelerated rate of erosion conforming with the 
annual production of a clean-tilled crop (cotton) would be, according to 
present measurements, 46 years, or about 1/12,500 times as long as under 
the protection of a cover of hardwoods. Where the land is completely bare 
of vegetation from year to year, only about 18 years would be required 
to take off the full depth of topsoil. In other words, under a good forest 

r ”1 

, 



Fig. 62. — Major type of dust storm near Lamar, Colorado, 1937. {Photograph hy Soil 

Conservation Service.) 


cover the topsoil of this particular type of land -would last, without 
replacement by building from beneath, about 32,000 times as long as 
under the condition of a bared surface and, under grass, about 4,500 times 
as long. 

Measurements on other types of land in other parts of the country 
indicate the same general trend (see Table 14, Chap. V, Part 1). In some 
localities, grass appears to be as effective as forest in holding soil. 

The rates of erosion referred to here and, for the most part, elsewhere 
in this volume pertain largely to the effects of sheet washing, both normal 
and accelerated. Some rill erosion has taken place on the areas from which 
the measurements have been made, but no gully erosion. As yet, very 
little quantitative information is available with respect to rates of gully 
erosion. Observation, however, indicates that where gullying is in progress, 
soil is removed at a faster rate than where the planation involves sheet 
washing only, or sheet and rill washing. Usually, sheet erosion or rill 
erosion, or both, accompany the gullying process. 
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A rough appraisal of the rates of erosion under conditions of active 
gullying might be as follows: Generally speaking, land subjected to 
continuing severe gullying has attained the death stage of decline. 

Interception of Rainfall by Vegetation 

Interception of rain by vegetation has two indirect effects on rates of 
infiltration, runoff, and erosion: (1) Part of the rain adheres to the trunks. 



Pig. 63. — Part of rainfall intercepted by grass. (Photograph taken (hiring rain hy E, I. 

Crandall.) 

stems, and leaves of plants as a film or as drops of water (Fig. 63), to 
evaporate without coming in contact with the ground; and (£) the larger 
drops frequently are shattered into small drops or spray which have a 
diminished impact effect on exposed soil. The first effect must be con- 
sidered in fixing values of effective rainfall, and the latter in interpreting 
and appraising infiltration, runoff, and erosion on vegetated areas. 




Chapter V. Rates of Erosion and Runoff 


An adequate interpretation of the process of soil erosion involves an 
understanding of the numerous physical, physicochemical, and biologic 
factors, both natural and artificially introduced, that have to do with any 
modification of the forces and conditions that govern or materially 
influence rates and amounts of water intake by the land, runoff, and soil 
removal. Although available data with respect to a number of these 
pertinent factors are not complete by any means, enough is known of the 
significance of various aspects of many of them for at least an approximate 
understanding of the erosion process. 

Ejffects of Exposure 

When the natural cover of vegetation is removed, soil is exposed imme- 
diately to the accelerated transporting effect of rainwater or wind. From 
the beginning of the erosion process, soil openings tend to clog with fine 
material filtered from suspension in the runoff. This reduces infiltration 
and thereby increases the off flowage and accentuates the erodibility of 
most soils. Continuing erosion eventually strips off the more resistant, 
loamy surface layer, to expose less stable and, usually, less permeable and 
more erodible sublayers. Plowing further vitiates, or destroys, the natural 
permeability of virgin soil by disrupting its normal granular or loamlike 
structure and by obstructing or closing obscure passageways, such as 
cracks, fractures, and the tunnelings of earthworms, insects, rodents, and 
plant roots. Continuing cultivation aids in the dissipation of the humus 
content — the life-giving, spongelike, binding material — through processes 
of attrition and decomposition. 

Thus, the use of land involves its exposure to moderate or violent 
changes, according to the nature of the land, the biologic and climatic 
environment, and the way it is used. From the standpoint of land utility, 
increased rates of soil removal and accompanying losses of rainfall, 
induced by these artificially produced exposures, are by far the most 
serious consequences of man’s occupation and use of the land. 

125 
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Diversity of Modifying Factors 

It would be difficult to conceive a physical agency involving more 
modifying factors than soil erosion. The interdependent processes of 
runoff, infiltration, absorption, and erosion are profoundly affected not 
only by slope, climate, soil, and cover of vegetation and vegetative litter 
but also by the changed condition of the surface soil or sublayers resulting 
from methods of land utilization and, subsequently, by the condition and 
character of the different sublayers successively exposed by continuing 
planation. These and numerous other factors, separately and inter- 
dependently, introduce into the dynamics of this four-phased process 
(from the practical standpoint, runoff, infiltration, absorption, and erosion 
function as a composite physical agency affecting soil removal and water 
wastage) an almost inconceivable number of variables, many of them 
highly significant in relation to fundamental principles involved with 
rates of soil and water losses as well as practical measures for reducing 
such losses. 

Type and condition of cover, degree of slope, kind and condition of 
soil, and climate all markedly affect erosion and runoff. Cover affects 
rates of soil removal and runoff more than any other single factor. 
Declivity of the land and length of slope powerfully affect hydrologic 
processes intimately and inseparably involved with soil planation and 
runoff. Intensity of rainfall, condition of the ground with respect to 
moisture content, and openness of the soil (permeability) arc contributing 
factors of great importance. When the ground is frozen, erosion obviously 
is less rapid than at other times. When wet soil is frozen, the tendency 
is for more nearly complete closing of the openings, and consequent 
reduced infiltration capacity, than where dry soil is frozen. Boil type alone 
introduces an almost endless variety of conditions that apx)reciably or 
profoundly influence rates of infiltration and absorption and, therefore, of 
runoff and soil denudation. The texture of the surface material, its inher- 
ent structure, and consistence, markedly affect rates of water intake, as 
do also similar characteristics expressed in the frequent widely divergent 
sublayers through the soil profile, down to and including the horizon of 
parent material. Obviously, rainwater passes down into and through 
coarse sand or loose gravelly soil much more rapidly than through dense 
clay. Again, the infiltration and absorption capacities of sand, sandy 
loam, fine sandy loam, loam, silt loam, and other relatively pervious 
materials vary widely with the depth to sublayers of relatively impervious 
material, such as dense clay, claypan, hardpan, and solid rock. The 
hundreds of distinct soil types occurring on slopes of varying gimlicnt and 
length are subjected to a multiplicity of uses, to various intensities of 
rainfall, and to alternate freezing and thawing. This wide range of 
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variants cannot be ignored, either in research pertaining to the erosion 
process or in the development of practical methods for the control of 
erosion. Moreover, types of farming, grazing practices, and methods of 
cultivation introduce numerous other modifying conditions constituting 
pertinent runoff and erosion variants. 

Deficiency of Information 

After considering the long list of the more evident factors, it may be 
somewhat appalling to the specialist, interested either in the principles 
of the erosion process or in the development of measures for control and 
prevention, that still other categories of less obvious variables must be 
considered. For example, much less is known about the mechanical rela- 
tion of gravitational creep, sliding, solifluction, soil granulation, frag- 
mentation, dispersion, alternate freezing and thawing, and sedimentation 
to processes and rates of erosion and runoff than about those more obvious 
effects of such physical factors as slope, soil type, and cover. Too little 
information is available with respect to the causative relationships 
between rates of runoff and the development of rill erosion and its various 
peculiar patterns, such as straight-line rills, crisscross rills, and rills that 
divide in the downslope direction in contrast to the normal tendency to 
branch upslope. Rates of differential erosion, such as the processes 
involved with the fantastic patterns of land and rock sculpturing in 
regions of low rainfall, have not been measured. Baffling contrasts 
revealed in the amounts of material eroded from cross sections of varying 
widths, where slope, soil type, ground condition, cover, precipitation, and 
cultural treatment are identical, are evidence of inadequate knowledge 
concerning the hydraulics of loading (the taking of soil material into 
suspension) and of unloading (sedimentation) on the part of thin and 
thick sheets of flowing water. Moreover, very little has been done in the 
direction of determining rates and interrelationships of evaporation, 
absorption, and internal circulation of soil-contained moisture under 
varying characteristics and conditions of soil, slope gradient, soil treat- 
ment, and exposure to sunlight. The relation of the effects of animal life 
and of microorganisms on the soil to water intake and retention, and to 
runoff and erosion, has been studied only in an incidental way. N ot nearly 
enough study has been made of the exact processes involved with water 
intake and retention by different soils, subjected, under different condi- 
tions of slope, tilth, and cover, to long periods of rain of various intensi- 
ties. For example, not much is really known with respect to the precise 
meaning of the term saturated soil, either as to when and how an upland 
soil becomes saturated or as to how long, under varying conditions, it 
remains soaked with water. 
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Even less is known about rates and dynamics of wind erosion under the 
varying influences of a great number of factors similar to those referred 
to on page 127. 

Without going into further detail here, it becomes evident that much 
additional information, such as can be obtained only through a compre- 
hensive program of research, is needed, not only along the line of func- 
tional processes and relationships but in the way of precise measurements 
of rates of soil removal, water loss, and water retention under a multi- 
plicity of physical, biologic, chemical, and climatic conditions. 

Regardless of this emphasis on deficiencies of present knowledge 
pertaining to the dynamics and rates of erosion, runoff, infiltration, etc., 
much valuable information has been acquired, and new facts are coming 
to light almost every day. Considering the tardiness with which programs 
of education, research, and work on the land have got under way, present 
progress is highly encouraging. 

Soil and Water Losses from Important Types of Farm Land 
Under (^) Exposure and (J5) Protection 

Data on soil and water losses obtained at soil and water conservation 
experiment stations, through other experimental work, and by surveys, 
supplemented by field observations and the experience of farmers, reveal 
the almost universal effectiveness of close-growing vegetation in accelerat- 
ing infiltration, slowing down runoff, and protecting soil from erosion by 
wind and water. In the thousands of measurements of the effects of 
individual rains heavy enough to produce runoff, this has been true with 
a consistency that would be monotonous were not the information of the 
greatest importance in the interest of programs having to do with con- 
servation of water and land. The general trend can well be illustrated by 
citation of some of the summaries from approximately 50,(){)0 separate 
measurements, over periods ranging from three to eleven years, of the 
effects of individual rains (and thawing of snow), under a great variety 
of characteristics and conditions with respect to soil, slope, cover, cultural 
methods, and climate. 

The results as typified in examples presented in the following tables 
and discussions are generally consistent throughout. Exceptions to the 
usual trend have been so rare as to be of little importance, especially since 
most or all of them have been the result of unusual conditions, such as the 
effects of drifted snow suddenly melting or excessive erosion or runoff 
due to excavations by rodents. 

Summary of Comparative Rates op Runoff and Erosion from 
13 Important Types op Land under: (1) Cultivation and (2) Piiotec- 
tive Cover. Losses of soil and of water from IS important varieties of 
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Table 7. — Soil and Water Losses under Cultivation and Protective 
Cover, from 13 Important Soils ^ 


Soil, 2 location, 
and years of 
measurement 

An- 

nual 

rain- 

fall 

for 

period, 

inches 

Slope, 

per 

cent 

Clean tilled 

Dense cover 

Time to remove 
7 inches soil 

Approx. 

reg'nl 

area, 

mill’n 

acres 

Crop 

Soil 

loss 

annu- 

ally, 

tons 

per 

acre 

Water 

loss 

annu- 

ally, 

per 

cent 

precip- 

itation 

Cover 

Soil 

loss 

annu- 

ally, 

tons 

per 

acre 

Water 

loss 

annu- 

ally, 

per 

cent 

precip- 

itation 

Clean 

tilled, 

years 

Dense 

cover, 

years 

Cecil s. cl. I., 












Statesville, N. C, 






Mixed 






1932-1936... . 

48.42 

10.0 

.Cotton 

25.08 

10.47 

grasses 

0.014 

0.29 

46 

82,160 

41 

Nacogdoches f.ady. 












1., Tyler, Tex. 






Bermuda 






1932-1936... . 

42.84 

10.0 

Cotton 

8.18 

16.48 

grass 

0.006 

0.53 

160 

214,200 ) 


Kirvin f, sandy 










t: 


loam, Tyler, Tex. 






Bermuda 




(1 


1932-1936 

41.77 

8.76 

Cotton 

30,07 

22,23 

grass 

0.05 

0.91 

46 

27,400 ; ! 


Shelby silt loam. 












Bethany, Mo. 












1931-1936 

34.79 

8.0 

Corn 

68.78 

28.31 

Alfalfa 

0.25 

7.49 

16 

4,540 

18 

Muskingum silt 












loam, Zanesville, 






Blue- 






Ohio. 1934-1936 

36.46 

12.0 

Corn 

73.23 

41.95 

grass 

0.04 1 

6,5 

16 

28,900 

31 

Clinton silt loam. 












LaCrosse, Wis. 






Blue- 






1933-1935 

34.12 

16.0 

Corn 

88.66 

20.84 

grass 

0.03 

2.82 

U 

33,600 ) 


Dubuque silt loam. 

! 










22 

LaCrosse, Wis. 






Blue- 




( 


1934-1935 

36.53 I 

30.0 

Corn 

81.44 

19.12 

grass 

0.22 

6.83 

11 

4,110 J 


Vernon f. sandy 












loam, Guthrie, 






Bermuda 






Okla. 1930-1935 

33.12 

7.7 

Cotton 

24.29 

14.22 

grass 

0.032 

1.23 

50 

38,200 

37 

Houston blk. ch, 












Temple, Tex. 












1931-1936.. .. 

32.76 

4.0 

Corn 

23.83 

14.22 

Bermuda 

0.03 

0.04 

34 

26,700') 

Q 

1933-1936. . . 

34.90 

2.0 

Corn 

10.62 

13.38 

grass 

0.10 

0.95 

75 

8,010/ 

0 

Marshall silt loam, 












Clarinda, Iowa. 






Blue- 






1933-1935... 

26.82 

9.0 

Corn 

18.82 

8.64 

grass 

0.06 

0.97 

48 

15,200 

23 

Palouse silt loam. 

21.74 

30.0 

Wheat, 

8.52 

9.40 

Mixed 

1.46 

3.71 

130 

740 'i 


Pullman, Wash. 



fallow 



grasses 




> 

8 

1932-1935 

21.74 

30.0 

Bare 

27.82 

25.03 

Spr, 

1.05 

3.23 

38 

660 ; 








wheat 






Colby silty cl. 












loam, Hays, 






Native 






Kana. 1930-1935 

20.36 

5.0 

Kafir 

11.74 

16.20 

grass 

0.029 

0.30 

91 

36,900 

10 

Miles clay loam, 












Spur, Tex. 1926- 






Buffalo 






1937 

20.73 

2,0 

Cotton 

7.03 

15.63 

grass 

1.29 

4.34 

160 

830 


Averages 




33.87 

18.40 


0.35 

2.68 





1 Representative of the principal types of erodible farm land within an area of approximately 250,000,000 
acres. 


2 s. cl. 1. = sandy clay loam; f. sdy. 1. = fine sandy loam; blU. cl. = black clay; silly cl. loam = silty clay 
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agricultural land representative of the principal types of erodible farm 
land within a number of problem areas comprising approximately two 
hundred and fifty million acres are shown in Table 7 . These data cover 
periods of investigation, at the several soil and water conservation 
experiment stations, ranging from S to 11 years. The results constitute 
the best possible information available with respect to relative losses of 
soil and of water under the contrasting conditions of clean tillage and 
dense cover. 

Without exception, it is seen that the average annual soil losses from 
the areas devoted to clean-tilled crops are many times greater than the 
corresponding losses from the areas heavily covered with protective 
vegetation, the excess of losses ranging from about 6 to 2,955 times as 
much. The water losses as immediate runoff range, for the cultivated or 
exposed areas, from about 2.5 to 855 times the colTcsponding losses from 
the areas protected with permanent cover. 

The data show also wide differences in relative erodibility of these 
diverse types of land. For example, average annual soil losses from the 
Shelby, Muskingum, Dubuque, and Clinton types range from 68 to 88 
tons per acre under clean cultivation, whereas the corresponding losses 
from the Nacogdoches, Miles, and Palouse types range from 7 to 8 tons 
an acre. In the same way, water losses as runoff from the Dubuque, 
Clinton, Shelby, and Muskingum are the highest, ranging from 19 to 
42 per cent of the total precipitation. Lowest runoff is revealed for the 
Marshall, Palouse, and Cecil types, the amounts ranging from 8 to 10 
per cent of the total precipitation. 

The wide differences as between rates of erosion and runoff for the 
various types undergoing the same type of treatment involve, principally, 
differences of soil, slope, and amount and in ten city of rainfall, other 
modifying factors having been controlled as effectively as possible. For 
example, both soil and water losses from Nacogdoches fine sandy loam 
(devoted to cotton) were much less than for the Kirvin fine sandy loam 
(devoted to cotton) located on the same farm (8 tons per acre annually, 
as against 30 tons per acre), although the sloi)c of the former was 1.25 per 
cent steeper. Shelby silt loam, on the other hand, lost 69 ions of soil per 
acre annually from an 8 per cent slope, as against 89 tons lost from Clinton 
silt loam having a slope twice as steep, both areas having been used for 
corn, and both receiving almost identical amounts of pi'ccipitalion in 
storms of similar intensities. 

What is of more significance, from the standpoint of land users, is that 
the soil losses from corresponding slopes of Nacogdoclics, ICirvin, Shelby, 
and Clinton types covered continuously with good stands of grass or 
alfalfa were only 1/1,363, and ' 1 / 2,955 as great, respectively, as 

where clean-tilled crops (cotton and corn) were grown. Similarly, the 
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corresponding water losses as immediate runoff from these important 
types of farm land were only h a-iid r as great, respectively, as 

those measured on the areas used continuously for cotton and corn. 

In a dense cover of vegetation, then, the farmer has the most powerful 
practical weapon known for reducing erosion and runoff. It is observed in 
Table 7 that under continuous corn the time indicated as necessary for 
Shelby silt loam on an 8 per cent slope to lose 7 inches of topsoil (about 
the average depth of this type of land) is 16 years; whereas under grass, 
the corresponding time indicated as necessary to remove an equivalent 
layer of soil is 4,540 years. Kirvin fine sandy loan of 8.7 per cent slope 
would lose its topsoil, according to the indication of available measure- 
ments, in 46 years under cotton, as against £7,400 yeais under Bermuda 
grass. 

The average results of the many thousands of measurements of the 
effects of individual rains on these 13 important types of farm land show 
that under the exposure of clean tillage and fallow, soil is lost at a rate 
about ninety-five times as rapidly as the corresponding loss from areas 
safeguarded with a dense cover of vegetation and that nearly seven times 
as much of the rainfall is lost as runoff from cultivated land as from land 
protected with vegetation. 

Losses from Representative Erodible Land, RolKng Section 
of Corn Belt (Lower Missouri Dark-brown Till Section) 
(Shelby Silt Loam) 

Effect of Cover. Measurements made at Bethany, Mo., on one of 
the most extensive and important soils in the rolling glacial-till section 
of the Corn Belt (8 per cent slope of Shelby silt loam, probably representa- 
tive of about the average erodibility of the region) show that the average 
annual loss of soi) by erosion from land devoted continuously to corn has 
been at the rate of 68.8 tons an acre annually. At the same time, the loss of 
water as runoff was £8.3 per cent of the total precipitation (snow and 
rain). Prom exactly the same kind of soil, having the same declivity and 
receiving the same rainfall, the soil loss under alfalfa has been at the rate 
of only 0.£5 ton per acre annually, along with a runoff of but little more 
than 7 per cent of the entire precipitation. In other words, alfalfa has been 
£75 times more effective than corn in the retention of soil (grass has been 
£37 times more effective). The efficiency of alfalfa in relation to rainfall- 
retention on this type of land has been approximately 3.8 times that of 
ground where corn is grown continuously. For the same period, the same 
type of land kept bare of all vegetation has lost an average of 11 £.8 tons 
of soil per acre annually, or 451 times as much as from comparable land 
devoted to alfalfa. It is interesting that the water loss from this area of 
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bare fallow was only slightly greater (2.89 per cent) than the runoff from 
the corn area, although the soil loss was nearly twice as much. 

This part of the Corn Belt — the Lower Missouri Dark-brown Till 
section (see Problem Area map) — comprises some 18 million acres. 

Effectiveness of Rainfall. During the five-year period 1931- 
1985, when the mean annual precipitation was 84.8 inches, 899 rains fell, 
116 of which (29 per cent) caused runoff from land used continuously 
for corn. Of the 42.2 inches of rainfall in 1931, 46 rains totaling 82.57 
inches caused runoff from corn ground. The runoff from these 46 rains, 
representing 26 rain periods, was 12.3 inches, or 29.1 per cent of the 
rainfall for the year, which fell in 92 rains. Seventeen of these 46 rains 
measured more than 1 inch each, amounting in total to 21.91 inches of 
precipitation. Many light summer showers were completely dissipated, 
and others nearly so, by almost immediate evaporation from the heated 
soil. Under certain conditions, some of the heavier rains, even where 
falling at a fairly intense rate, were completely absorbed, whereas under 
other conditions lighter rains of about equal intensity produced runoff. 

In 1981, 29.14 per cent of all the rain that fell on the continuous corn 
area was lost as immediate runoff. That year, 46 rains, totaling 9.65 
inches, or 22.85 per cent of the total precipitation, produced no runoff 
from this area of corn ground. More than half of this 22.85 per cent frac- 
tion of the rainfall was lost as evaporation. Thus, the immediate loss of 
rainfall during this year amounted to at least 40.5 per cent of the total 
precipitation (29 per cent runoff plus 11.5 per cent evaporation from light 
showers). Since part of the remainder was lost as percolation and part as 
evaporation other than transpiration (in addition to the evaporation loss 
from the light showers), the corn crop apparently had for its use consider- 
ably less than half of the total rainfall for the year — probably something 
under 40 per cent. 

In contrast, only 2 per cent of the rainfall of 1931 was lost from the 
alfalfa field. Thus it appears that this densely growing crop had for its 
use, on the same slope and type of soil as that used for the corn, and with 
the same rainfall, in the neighborhood of 68 per cent of the total precipita- 
tion for that year. This estimate is based on the 2 per cent lost imme- 
diately as runoff, plus 30 per cent estimated loss by evaporation and 
percolation. 

Thus, it is necessary in any accurate appraisal of the effectiveness of 
rainfall to consider much more than annual averages of rainfall or the 
seasonal distribution of rains. That part which is left in the soil for plant 
use is vitally important. For example, 20 inches of rain in the Great Plains 
may produce just as much wheat where proper water-conservation meas- 
ures are employed as 50 inches of similarly distributed rain on land of 
equal slope and productivity in Pennsylvania, if 60 per cent of the latter 
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is permitted to go to waste as runoff and excessive percolation and 
evaporation through, failure to provide adequate safeguards for the storing 
of moisture in the reservoir of the soil. 

It was found at the Bethany, Mo., station that the alfalfa soil follow- 
ing drought regained its normal moisture content more quickly than corn 
ground. During the severe drought of 1934, the alfalfa area cracked to 
depths of 2 to 4 feet, but the soil of the corn area cracked only moderately. 
This tendency of the soil to fracture deeply under alfalfa probably 



Geaph 2. — ^Average annual soil and water losses, 1931-1935, inclusive, from 8 per cent 
slope of Shelby silt loam, at the soil and water conservation experiment station, Bethany, 
Mo. Average annual precipitation, 34.79 inches. (Plot 1=6 by 145.2 feet; plots 2 to 10, 
inclusive, = 6 by 72.6 feet.) (Soil Conservation Service,) 

accounts partly for its much higher infiltration capacity as compared 
with that of the same soil under corn. 

Effect of Rainfall Intensity. The results of erosion and runoff 
given above, in connection with effective precipitation, are based on a 
5-year period (Graph ^), except as noted. This, of course, is not long 
enough for the establishment of absolutely accurate averages. For 
example, a single intensive rain of 3.75 inches that fell on these controlled 
areas on Apr. 3 to 4, 1934 (3.10 inches of which fell at an average rate of 
£.62 inches an hour), caused a soil loss from corn ground (Graph 3) that 
was nearly as great as the entire loss caused by all of the 56 rains that fell 
on the same field in 1933, that is, approximately 46, as against nearly 
50 tons an acre (Graph 4). From this exceptional rain, 68 per cent of the 
water was immediately lost as runoff, whereas only £9.7 per cent of 
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Geaph 3. — Soil and water losses from 8 per cent slope of Shelby silt loam as the result 
of one rain of 3.75 inches, Apr. 3“4s 1934, at the soil and water conservation experiment 
station, Bethany, Mo. Rainfall reached intensity of 4.71 inches per hour for a jwriod of 
7 minutes; 3.10 inches fell at rate of 2.G2 inches per hour. (Plot 1 = 0 by 145.2 feet; 
plots 2 to 10, inclusive, — G by 72.0 feet.) {Soil ConservaLiom Service.) 
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the total rainfall of 1933 was lost from the same area of corn land. The 
average results, nevertheless, have been sufficiently consistent from year 
to year, not only for the Bethany, Mo., station but on other soils of other 
localities, to be considered highly significant. 

Graph 2 shows the details of soil and water losses from an 8 per cent 
slope of Shelby silt loam at Bethany, Mo., as annual averages for a five- 
year period. Graph 5 shows the corresponding losses from a 3.7 per cent 
slope of similar soil at Columbia, Mo., as annual averages for a 13-year 
period. 



Graph 5. — Average annual soil and water losses, 1918--1931, inclusive, from 3.68 per 
cent slope of Shelby loam at the Agricultural Experiment Station, Columbia, Mo. Average 
annual precipitation, 40.37 inches. (Plots 1 to 6, inclusive, == 6 by 90.75 feet.) 


Effect of Erosion on Durability of Topsoil. In the locality 
where these data were obtained, the soil depth on 8 per cent slopes of 
Shelby silt loam is approximately 7 inches. The rate of soil removal by 
erosion under continuous corn production, as revealed in these measure- 
ments, would require, theoretically, about 16 years to remove the surface 
layer down to a distinctly different and much less productive sublayer. 
Actually, a somewhat longer period would be required for this much soil 
to be washed off, because some of the subsurface material would be 
brought up and mixed with the topsoil by plowing, thus increasing some- 
what the life depth of the soil. 

Comparative theoretical periods indicated as necessary to erode a 
7-inch layer of soil from Shelby silt loam of 8 per cent slope are presented 
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below for comparable bare areas and areas in corn, alfalfa, and a rotation 
of corn, wheat, and clover: 


Indicated Time Necessary to Erode 7 Inches of Soil from Shelby Silt 
Loam, 8 Per Cent Slope 


Years 


Alfalfa 4,540 

Rotation 100 

Corn 16 

Bare ground 10 


Graph 6 illustrates the comparative rates of soil and water losses from 
similar areas of Shelby silt loam in alfalfa, crop rotation, continuous corn, 
and bare fallow. 





Graph 6. — Annual losses of soil and water from same kind of land (Shelby sill loam, 
8 per cent slope), with same rainfall, from alfalfa, rotated fields, corn, bare land. (Soil 
and water conservation experiment station, Bethany, Mo., 1931~1935.) (Soil Conservation 
Service.) 
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Losses from Representative Erodible Land of the Missouri 
Valley Loessial Region (Marshall Silt Loam) 

From another variety of silt loam, the extensive Marshall silt loam of 
the Missouri River section of the loessial area covering about S3 million 
acres (part of the Central Prairie Region, see Problem Area map), the 
losses measured over a period of 8 years 1933-1935) at the erosion 
experiment station between Clarinda and Shenandoah in southwestern 
Iowa have been, from a 9.0 per cent slope, at the approximate rate of 
18,82 tons of soil per acre per annum and 8.64 per cent of the precipita- 
tion, from continuous corn, and 0.06 ton of soil and 0.97 per cent of the 
precipitation from bluegrass (see Graph 7). 



slope of Marshall silt loam, at the soil and water conservation experiment station, Clarinda, 
Iowa. Average annual precipitation, 26.82 inches. Plot 1 == 6 by 36.8 feet; plot 2 ~ 6 by 
145.2 feet; plots 3 to 9, inclusive, = 0 by 72.6 feet. {Soil Conservation Service.) 

The variety of silt loam on which these measurements were made 
differs from the Shelby silt loam in such characteristics as a higher content 
of silt and lower content of sand and fine gravel and in having a higher 
pore space and, therefore, greater infiltration capacity and resistance 
to erosion. 

Comparative periods indicated as theoretically necessary to remove 
7 inches of topsoil from Marshall silt loam of 9 per cent slope are shown 
below for comparable areas in grass, a three-year crop rotation, and corn: 
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Indicated Time Necessary to Erode 7 Inches of Soil from Marshall Silt 
Loam, 9 Per Cent Slope 


Grass. . . 
Rotation 
Corn . . . 


Years 

15,200 

170 

48 


Graph 8 illustrates the comparative rates of erosion and runoff from 
similar areas of Marshall silt loam of 9 per cent slope used for grass, corn, 
and a rotation of corn, oats, and clover. 



Graph 8. — Annual losse.s of soil and water from same kind of land (Marsliall sill loam, 
0 per cent slope), with same rainfall, from grass, rotated fields, corn. (Soil and water 
conservation experiment station, Clarinda, Iowa, 1988“-1085.) (»SVn7 (hmservation Service,) 

Losses from Representative Erodiblo Land of tlic Wisconsin- 
Minnesota-Illinois-Iowa Nonglaciatcd Area (Clinton SiltLoam) 

Soil and water losses from the Clinton silt loam, IG per cent slope, for 
the 3-year period 1933-1935 are shown for various cultural treatments in 
Graph 9. The measurements, made at the soil and water conservation 
experiment station at La Crosse, Wis., pertain to land that is considered 
representative of about the average condition of the more erodiblc of the 
important farming soils of the Lower Missouri and Upper Mississippi 
section of this unglaciated (predominantly loessial) region of approxi- 
mately 22 million acres (see Problem Area map). Graph 10 shows the 
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Graph 9. — Average annual soil and water losses, 1933-1935, inclusive, from 16 per 
cent slope of Clinton silt loam, at the soil and water conservation experiment station, La 
Crosse, Wis. Average annual precipitation, 34.12 inches. (Plot 1 = 6 by 36.3 feet; plot 
2 = 6 by 145.2 feet; plots 3 to 11, inclusive, = 6 by 72.6 feet). {Soil Conservation Service.) 
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Graph 10. — Soil and water losses from 16 per cent slope of Clinton silt loam as the 
result of one rain of 1.6 inches, May 22, 1936, at the soil and water conservation experi- 
ment station, La Crosse, Wis. Rainfall reached intensity of 4,8 inches per hour for a 
period of 5 minutes. (Plot 1 = 6 by 36.3 feet; plot 2 = 6 by 145.2 feet; plots 3 to 11, 
inclusive, == 6 by 72.6 feet.) (Soil Conservation Service.) 
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losses from the same areas represented by Graph 9, resulting from a single 
intensive rain (1.6 inches) on May 22, 1936. At one stage, this downpour 
reached an intensity of 4,8 inches of rain per hour for a period of 5 
minutes. The soil swept from the corn ground by this one rain amounted 
to nearly two-fifths of the average annual loss over a three-year period, 
and the rate of runoff was more than twice the average rate of water loss 
for the same period. Five days before this heavy rain, the areas on which 
the measurements were made received a rainfall of 0.20 inch. 

In a number of respects, Clinton silt loam is very similar to the 
Marshall silt loam referred to above. One of the principal differences is its 
lighter color and lower average content of organic matter. 

Below are shown the indicated lengths of time that would be required 
to wash off 7 inches of topsoil from Clinton silt loam of 16 per cent slope 
under four markedly different types of treatment: (1) grass; (£) corn; 
(3) a rotation of corn, barley, and clover; and (4) without a cover of 
vegetation : 


Indicated Time Necessary to Erode 7 Inches of Topsoil from Clinton Silt 
Loam, 16 Per Cent Slope 


Years 


Grass 33,600 

Rotation 40 

Corn. 11 

Bare (fallow) *. . . . 7 


Losses from Represen La Live Erodiblc Land of Moderate Slope, 
Winter Wheat Belt, EasL-cenLral Great Plains 
(Colby Silty Clay Loam) 

Average annual soil and water losses from one of the most important 
soils of the winter wheat section of the eastern Great l^lains ((kilby silty 
clay loam) are shown in Graph 11, which gives the measurements made 
at the Hays, Kans., soil and water conservation cxiieriment station for 
the 6-year period 1030-1935. The gradient of the land is 5 per cent; the 
annual rainfall for the period was £0.36 inches. The loss of 11.74 tons of 
soil per acre annually from a cultivated crop, kafir, exceeded the loss 
from wheat (2.25 tons an acre) by more than live times; and, at the same 
time, the water loss was much greater, or 16 per cent, as against 10 per 
cent. The soil loss from native grass, under comparable conditions, was 
only -g-^ of that from the clean-tilled crop, and the water loss was only 
as great. This land is representative of a large total area of erodiblc 
soil in the east-central part of the Great Plains — that is, in the northerly 
part of the Dark-brown Plains section of the Southern Plains (sec Problem 
Area map). 
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Graph 11. — Average annual soil and water losses, 1980-1935, inclusive, from 5 per cent 
slope of Colby silty clay loam, at the soil and water conservation experiment station, 
Hays, Kans. Average annual precipitation 20.36 inches. (Plot 1 = 6 by 36.3 feet; plot 
2 = 6 by 145.2 feet; plots 3 to 10, inclusive, == 6 by 72.6 feet.) {Soil Conservation Service.) 
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Graph 12.-~Ayerage annual soil and water losses, 1932-1936, inclusive, from 8.75 per 
^nt slope of Kirvin fine sandy loam at the soil and water conservation experiment station, 
Tyler, Tex. Average annual precipitation, 41.77 inches. (Plot 1 == 6 by 36,3 feet; plot 
2 — 6 by 145.2 feet; plots 3 to 12, inclusive* == 6 by 72.6 feet.) (Soil Conservation Service.) 




142 


soil. CONSEBVATION 


Losses from Representative Erodible Land of Arkansas- 
Louisiana-East Texas Sandy Lands Region (Interior West 
Gulf Coastal Plain) (Kirvin Fine Sandy Loam) 

In Graph are shown the details of soil and water losses from Kirvin 
fine sandy loam (8.75 per cent slope), which is representative, or approxi- 
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^OTE‘ Slopes as follows: gross, 16 5-percent; woods, 

12.5-percent; rototed fields, cotton and cotton 
on subsoil 6.75-percent, 

* Period ot observation for gross 1933-36. 

Graph 13. — Annual losses of soil and water from same kind of land (Kirvin line sandy 
loam, various slopes), with same rainfall, from grass, woods, rotated fields, cotton, cotton 
on subsoil. (Soil and water conservation experiment station, Tyler, Tex., 1032™1930.) 
(Soil Conservation Service.) 

mately representative, of one of the most important types of erodible 
land in the 48 million acres comprised in the predominantly sandy land 
area stretching from west of the Brazos River in Texas to the vicinity of 
Little Rock in Arkansas and to the south of the Red River in Louisiana. 
From the standpoint of costly erosion, this large region — the Interior 
West Gulf Coastal Plain — represents an important problem area within 
the Cotton Belt (see Problem Area map). 
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Graph 13 illustrates the comparative rates of erosion and runoff from 
comparable areas of Kirvin fine sandy loam devoted to forest, grass, 
cotton, a cotton-corn-lespedeza rotation, and cotton grown on erosion- 
exposed subsoil. 

Below are shown the lengths of time indicated as necessary to strip off 
7 inches of soil material from Kirvin fine sandy loam under: grass, forest, 
a 3-year crop rotation, cotton on topsoil and on erosion-exposed subsoil: 


Indicated Time Necessart to Erode 7 Inches of Soil Material from Kirvin 

Fine Sandy Loam 


Years 


Grass (16.5 per cent slope) 171,500 

Forest (12.5 per cent slope) 27,400 

Rotation (8.75 per cent slope) 67 

Cotton (8.75 per cent slope) 46 

Cotton on subsoil (8.75 per cent slope) 21 


Losses from Representatiye (Erodible) Land in the Eastern 
Part of the Red Plains (Vernon Fine Sandy Loam) 

Soil and water losses from the most representative type of erodible 
farm land in the eastern part of the Red Plains of Oklahoma — Vernon fine 
sandy loam of 7.7 per cent slope — are shown in Graph 14. Under various 



Graph 14. — Average annual soil and water losses, 1930-1935, inclusive, from 7.7 per 
cent slope of Vernon fine sandy loam, at the soil and water conservation experiment sta- 
tion, Guthrie, Okla. Average annual precipitation, 33.12 inches. (Plot 1 — 6 by 36,3 feet; 
plot 2 = 6 by 145.2 feet; plots 3 to 9, inclusive, = 6 by 72.6 feet.) {Soil Conservation Service.) 
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treatments, tlie measurements were made on comparable areas at the soil 
and water conservation experiment station near Guthrie, Okla. The Red 
Plains problem area comprises approximately 37 million acres, situated 
principally in Oklahoma and Texas (see Problem Area map). It is a highly 
important agricultural section; and although it is comparatively new with 
respect to settlement and general farming, erosion already is widespread 
and very serious. The principal type of erodible farm land is losing soil 
in the runoff 759 times faster under clean tillage (cotton grown continue 
ously) than where the same type of land is stabilized with a good cover of 
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Graph 15. — Average annual soil and water losses, inclusive, from 10 per 

cent slope of Cecil sandy clay loam, at the soil and water conservation experiment station, 
Statesville, N. C. Average annual precipitation, 48.42 inches. (Plots 1 to 10, inclusive, 
= 6 by 72.6 feeU plot 11 = 6 by 145.2 feet; plot 12 = (> by 8(5.8 feel.) Conservation 
Service. ) 


grass (24.^9 Ions per acre annually, as against only 0.032 ton per acre 
annually). Corresponding losses of water as immediate runoff have been 
14.22 per cent of the total precipitation from land in cotton, as compared 
with only 1.23 per cent from the same kind of land, receiving the same 
rainfall, covered with grass. In other words, 11|- times more of the rainfall 
has been lost from the cultivated land. 

The measured losses (Graph 14) show that a crop rotation of wheat- 
sweetclover-cotton greatly reduces the wastage of both soil and water. 
Continuing erosion very largely increases the rate of soil loss and doubles 
the rate of water loss; that is, after the topschl is removed, the subsoil 
erodes at the rate of 34.43 tons per acre annually and sheds water at the 
rate of 28.5 per cent of the total rainfall. 
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Losses from Representative Elrodible Land of the Southern 
Piedmont (Cecil Sandy Clay Loam) 

The details of soil and water losses from Cecil sandy clay loam of 10 per 
cent slope, as measured under various types of cover and tillage treatment 
at the Statesville, N. C., soil and water conservation experiment station, are 



Graph 16. — Annual losses of soil and water from same kind of land (Cecil sandy clay 
loam, 10 per cent slope), with same rainfall, from woods, grass, rotated fields, continuous 
cotton, bare land. (Soil and water conservation experiment station, Statesville, N. C., 
1932-1936.) (Soil Conservation Service.) 

shown in Graph 15. This is one of the most important and representative 
types of credible farm land of the approximately 41 million acres in the 
southern Piedmont region (foothill sector of the Southern Appalachian 
region). Graph 16 illustrates the comparative rates of runoff and of soil 
lost in the runoff from comparable areas of Cecil sandy clay loam of 10 per 
cent slope, in virgin timber, grass, continuous cotton, rotation, and bare 
ground. In this connection, it is interesting to note the tremendous differ- 
ences in the time indicated as necessary to remove a 7-inch layer of soil 
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(which represents about the average depth of the humus layer, or topsoil, 
of this type of land) by erosion, under different conditions of cover and 
treatment: 

Indicated Time Necessary to Remove 7 Inches op Topsoil from Cecil Sandy 
Clay Loam, 10 Per Cent Slope 


Years 

Virgin timber 575,000 

Grass 82,150 

Rotation 110 

Cotton 46 

Bare ground 18 


Quantitative data presented in Graph 15 show that under a rotation of 
cotton-corn-wheatdespcdeza, erosion is only about one- third as severe as 
on the same kind of land, affected by the same rainfall, where cotton is 
grown continuously. The same type of land with no vegetative cover 
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Graph 17. — Average annual soil and water losses, 19iJ4”-193(i, inclusive, from per 
cent slope of Muskingum silt loam, at the soil and water consc'rvaLioii experiment station, 
Zanesville, Ohio. Average annual precipitation, SC. 46 inches. (Plot 1 = 6 by 86.8 feet; 
plot 2 = 6 by 145.2 feel; plots 3 to 13, inclusive, ~ 6 by 72.6 feet.) {Soil Conservation 
Service.) 


erodes more than two and one-half times as rapidly as land in cotton and 
more than four thousand times as fast as that in grass. Also, from bare 
ground nearly three times as much water runs to waste as from the same 
kind of land in cotton, and one hundred times as much as from the same 
kind of land in grass. 
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Losses from Representative Erodible Land of the Southwestern 
Part of Northern Appalachian Region (Allegheny-Ohio 
Section) (Muskingum Silt Loam) 

Graph 17 presents the details of soil and water losses from one of the 
most representative types of erodible farm land in the southwestern sector 
of the Northern Appalachian region — Muskingum silt loam of 12 per cent 



Graph 18 .^ — ^Annual losses of soil and water from same kind of land (Muskingum silt 
loam, 12 per cent slope), with same rainfall, from woods, grass, rotated fields, bare land, 
corn. (Soil and water conservation experiment station, Zanesville, Ohio, 1934-1936.) 
(Soil Conservation Service.) 

slope. The measurements were made at the Zanesville, Ohio, soil and 
water conservation experiment station, under a variety of treatments of 
comparable areas. This problem area — ^the Allegheny-Ohio section — 
comprises some 31 million acres. 

Graph 18 illustrates the comparative rates of erosion and runoff from 
similar areas of Muskingum silt loam of 12 per cent slope under forest, 
grass, a rotation of corn-wheat-grass, bare fallow, and corn. 
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Below are shown the indicated periods that would be required to erode 
7 inches of soil from comparable areas of Muskingum silt loam under 
forest, grass, a crop rotation, bare fallow, and corn : 


Indicated Time Necessary to Erode 7 Inches or Soil prom Muskingum Silt 
Loam, Per Cent Slope 


Years 


Forest 173,700 

Grass 28,900 

Rotation 100 

Bare ground 17 

Corn 16 


Losses from Representative Erodible Land of the Texas 
Black Belt (Houston Black Clay) 

Graph 19 shows the losses of soil and water from the most representa- 
tive type of erodible cropland in the main Black Belt area of Texas, 
comprising some 8 million acres, not including the outlying areas (see 
Problem Area map). This type of land — Houston black clay of 4 per cent 
slope — ^has been subjected to quantitative erosion and runoff studies under 
various treatments at the soil and water conservation experiment station 
near Temple, Tex. 
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Graph 19. — Average annual soil and water losses, 1931“193(J, inclusive, from 4 per 
cent slope of Houston black clay, at the soil and water conseiwation experiment station, 
Temple, Tex. Average annual precipitation, 32.70 inches. (Plot 1 = 0 by 36.3 feet; plot 
2 = 0 by 145.2 feet; plots 3 to 11, inclusive, = 6 by 72.6 feet.) Conservation Service.) 
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Losses from Representative Erodible Land in the Palouse 
Region of the Pacific Northwest (Palouse Silt Loam) 

Graph ^0 shows the soil and water losses from comparable areas of one 
of the most representative types of erodible cropland in the 8 million 
acres comprising the Palouse wheat area in southeastern Washington and 
adjacent Idaho and Oregon (see Problem Area map) — ^Palouse silt loam, 
30 per cent slope. These losses were measured under a variety of tillage 
and cover treatments at the soil and water conservation experiment 
station near Pullman, Wash. The Palouse silt loam in its virgin condition 
is one of the most productive wheat soils of the world. 
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Graph — Average annual soil and water losses, 1932-1935, inclusive, from 30 per 
cent slope of Palouse silt loam, at the soil and water conservation experiment station, 
Pullman, Wash. Average annual precipitation, 21.74 inches. (Plot 1 = 6 by 36.3 feet; 
plot 2 =* 6 by 145.2 feet; plots 3 and 6 to 13, inclusive, = 6 by 72.6 feet.) {Soil Conservation 
Service.) 

Effect of Slope on Soil and Water Losses under Clean Tillage 

The importance of slope in relation to soil and water losses from 
cultivated land is revealed in the measurements of rates of erosion and 
runoff, under comparable conditions of soil, cover, and rainfall, presented 
in Table 8. 

In the instance of Houston black clay, at Temple, Tex., the average 
annual soil loss under corn has been at a rate nearly three times that from 
the same kind of land having a slope only half as steep, that is, 30.4 tons 
an acre from an area of 4 per cent slope, as against 10.6 tons from a similar 
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area having a slope of ^ per cent. From Kirvin fine sandy loam, near 
Tyler, Tex., the average annual soil loss has been at a rate more than twice 
as rapid as that from a slope only about half as steep but otherwise 
comparable; and from Shelby silt loam, at Bethany, Mo., more than 
three times that from practically the same type of soil at Columbia, Mo., 
where the slope is not quite half so steep. 

Table 8. — Effect of Slope on Annual Soil and Water Losses under Clean 

Tillage^ 


Soil and 
location 


Period, 

inclusive 


Pain- 

fall, 

inches 


Length 
of slope, 
feet 


Slope, 

per 

cent 


Crop 


Soil 

loss, 

tons 

per 

acre 


Water 

loss, 

per 

cent 

pre- 

cipi- 


tation 


Miles clay loam, 
Texas 


1926 to 1987 


20.78 


97 


Cotton 


6.4 

15,1 

15.5 


Muskingum 
silt loam, Ohio 


1984 to 1986 


86,46 


72.6 



Houston black 
clay, Texas. . 


1988 to 1986 
1988 to 1936 


84.902 

35.472' 


72.6 



Corn 


Corn 


60.0 

73.2 

10.6 

80.4 


80.4 
42.0 

18.4 
16.6 


Kirvin fine 
sandy loam, 
Texas 


Shelby loams, 
Missouri . . . . 


1981 bo 1986 
1988 to 1986 
1918 to 19813 
1981 to 1985^ 


140.821 

48.00) 

40.87 

84.79 


72.6 

90.75 

72.6 


i 

il6.5) 
8.71 
8 3 


Colton 


Corn 


J27.9 
1 72.0 
[19,7 
( 68.8 


20.9 

14.6 

29.4 

28.3 


^ Measurements at soil and water conservation experiment stations, Soil Conservation 
Service. 

2 Painfall difference due to location. 

2 Columbia, Mo. 

^ Bethany, Mo. 


It has not been determined, however, that the rates of increase in soil 
loss conform with increase of declivity in accordance with any definite 
degree of regularity. For example, the corresponding soil losses from 
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adjacent areas of Miles clay loam at Spur, Tex., have been at the rates 
of 5 tons an acre annually from cotton grown on a 1 per cent slope and 
7 tons annually from cotton grown on a 2 per cent slope. In this connec- 
tion, it is important to observe that from level land of the same soil (Miles 
clay loam), there has been an average annual soil loss of 2 tons an acre 
over a period of 11 years. Erosion on level land is probably due to the 
piling-up effect of rainfall. 

Under cultivation, water losses are usually greater from the steeper 
slopes, as the results presented in Table 8 show, but they frequently do 
not increase with increase of slope, under conditions otherwise compara- 
ble, nearly so rapidly as do the losses of soil. As a matter of fact, runoff 
sometimes is no greater, occasionally even less, from steeper slopes, 
otherwise comparable, from which the rate of soil loss is greater. This 
point is illustrated in the results obtained on Shelby loam in Missouri, 
where the runoff from an 8 per cent slope was less (28 per cent of total 
precipitation) than from a 3.7 per cent slope (29 per cent of total precipita- 
tion), regardless of the fact that the soil loss from the steeper area was 
more than three times as great. Such differences probably are involved 
with complex interrelations of rainfall intensity, infiltration rates, soil 
character and condition, and amount of material carried in suspension 
by the surface water. 


Effect of Slope Length (or Cross Section) 
on Erosion and Runoff 

Comparative losses of soil from areas of different slope length are of 
great interest not only because of the complex hydrological problems 
involved but because of the practical application that can be made of such 
information. Measurements of rates of erosion from various types of soil 
in regions of different rainfall characteristics show that, with few excep- 
tions, the process of erosion is accelerated with increase in length of 
slope. As well as can be determined with the information available, the 
intensification is due to the usual greater volume of water accumulating 
on long slopes and the consequent increased velocity of runoff. Only one 
exception is noted in the measurements recorded for eight widely sepa- 
rated types (Table 9), that of the Houston black clay, a soil of decidedly 
unique characteristics. 

Measurements of erosion on Houston black clay, near Temple, Tex., 
show that from a slope 36.3 feet long, the average annual soil loss, over a 
six-year period, was 27 tons per acre whereas the corresponding loss from 
a slope 72,6 feet long was 24 tons; and from another 145.2 feet long, only 
22 tons an acre. In like manner, the water lost as runoff decreased with 
increase in length of the slope cross section. 
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Table 9. — Effect of Length of Slope on Soil and Water Losses from 
Eight Representative Types of Erodible Farm Land, under Clean 

Tillage^ 


Soil and 
location 

Slope, 

per 

cent 

Period, 

inclusive 

Rain- 

fall, 

inches 

Crop 

Length 
of slope, 
feet 

F Ann 

Soil 

loss, 

tons 

per 

acre 

ual 

Water 

loss, 

per 

cent 

pre- 

cipi- 

tation 

Clinton silt loam, 





(145.2 

116.1 

21.6 

La Crosse, Wis. 

16 

1933 to 1936 

32.28 

Corn 

•j 72.6 

100.5 

25.7 






( 36.3 

64.3 

23.9 

Muskingum silt 





(145.2 

81,2 

38.2 

loam, Zanesville, 


1934 to 1936 

36.46 

Corn 

\ 72.6 

73.2 

42.0 

Ohio 





t 36.3 

70.4 

41.5 

Cecil sandy clay 





(145.2 

26.2 

8.8 

loam, States- 

10 

1931 to 1936 

45.22 

Cotton 

] 72.6 

22.5 

10.2 

ville, N. C. 





i 36.3 

22.6 

11.7 

Kirvin fine sandy 





(145.2 

43.6 

19.4 

loam, Tyler, 

8.7 

1931 to 1936 

40.82 

Cotton 

i 72.0 i 

27.9 

20.9 

Tex. 





( 36.3 

18.6 

18,3 

Houston black 





( 145.2 

21.7 

13,6 

clay, Temple, 

4 

1931 to 1936 

32,70 

Corn 

] 72.6 

23.8 

14.2 

Tex. 





( 36.3 

27.0 

16.5 

Vernon fine sandy 





(145.2 

38.0 

14.8 

loam, Guthrie, 

7.7 

1931 to 1936 

31.45 

Cotton 

j 72.0 

22.5 

14.1 

Olda. 





i 36.3 

17.2 

14.6 

Shelby silt loam, 





(270 

00.4 

23.4 

Bethany, Mo. 

10 

1934 to 1935 

33.52 

Corn 

]l80 

54.1 

20.8 






( 90 1 

23.7 

19.2 

Marshall silt loam, 





(030 

21.3 

6,2 

Clarinda, Iowa 

8 

1933 to 1935 

26.94 

Corn 

]315 

10.3 

7.9 






a57.5 

11.7 

10.3 


^ Measurements at soil and water conservation experiment stations, Soil (Conservation 
Service. 


Runoff appears to be much more variable than erosion in its relation 
to length of slope. Average rates of water loss are less from the longer 
slopes of the Clinton, Cecil, Marshall, and Houston soils, all of which are 
highly permeable to water when dry (the Houston by reason, particularly, 
of its tendency to crack deeply on drying). This appears to be due to the, 
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increased opportunity for infiltration afforded by the longer time involved 
with the flow of water across the longer slopes, especially in the instance of 
rains of low intensity. Such slope-length effect tends to diminish or even 
disappear on soils of low permeability, especially during heavy rains. In 
this connection, it should be observed that the results shown in Table 9 
involve considerably more rains of low intensity than of high intensity 
as well as more that fell on relatively dry soil than on less absorptive wet 
soil.^ 


Effect of Rainfall Intensity on Soil and Water Losses 

Investigations relative to the effect of rainfall intensity on the 
permeable Marshall silt loam, 9 per cent slope, near Clarinda, Iowa, show^ 
that, whereas runoff from long slopes has exceeded that from short slopes 
for rains of high intensity, the reverse has been true with respect to rains 
of low intensity. Soil losses for the corresponding period of study have 
followed in the same course. Analysis of 18 runoff records over the period 
from Aug. 15, 1932, to the end of 1934, including 5 rains of high intensity 
(rains considerably exceeding immediate infiltration capacity of the soil) 
and 13 of low intensity (rains approximately twice the duration and only 
slightly above the infiltration capacity of the soil), clearly shows this 
distinctly different direction of trend for this particular type of land : 


Loss OF Water as Hunoff from Slopes of Different Leng-th 


Slofe Length, 
Feet 
630 
315 
157.5 


(Marshall silt loam) 
High~intensity Rains, 
Per Cent Precipitation 
20.3 
18.0 
10.8 


Low^intensity Rains, 
Per Cent Precipitation 

13.5 

16.5 
28.0 


The entire precipitation of the five intense rains, amounting to 8.2 
inches, fell over a period totaling nearly 32 hours (average 6-^ hours), 
whereas the thirteen low-intensity rains, totalling 17.4 inches fell over 
a period of 133 hours (average 10^ hours). 

The rate of erosion proceeded in much the same order: 


Loss OF Soil from Slopes of Different 


Slope Length, 
Feet 
630 
315 
157.5 


(Marshall Silt Loam) 
High-intensity Rains, 
Tons per Acre 
32.86 
18.26 
8.64 


Length 

Low-intensity Rains, 
Tons per Acre 
5.70 
6.35 
7.68 


^ Musgrave, G. W. Some relations between Slope-length, Surface-runoff, and the Sill- 
load of Surface-runoff, Am. Geophysical Union Trans., 1936. 

^ Ihid. 
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Here it is seen that, although rains of high intensity have removed 
much more soil from the longer slopes, the trend is reversed in respect to 
the effect of precipitation of less intensity, although the actual losses have 
not been greatly different. The average amount of soil carried away in 
the off flowage of all the rains has averaged 5.29 pounds per cubic foot of 
runoff from the long slopes, 3,18 pounds from the slopes of intermediate 
lengths, and 1.56 pounds from the short slopes. 

These results indicate the need for providing special protection for 
long slopes, such as strip cropping and terracing. The need of such 
protection for relatively permeable soils, such as the Marshall silt loam, 
probably is not so great as it is for impermeable soils. For example, dis- 
tance between terraces (terrace spacing) and contour strips of protective 
vegetation probably can be greater, generally, on long slopes of the more 
permeable soils. 

The effect of sloi>e length appears to be further complicated on some 
soils by a little understood process of loading and unloading on the part 
of thick and thin sheets of soil-transporting water flowing across the 
slopes. 

Information gained from these studies of the influence of slope length 
on erosion and runoff points to the need for modifying this effect by 
breaking up the length of slope with such practical measures for diversion 
or retention of rainfall as field terraces, contour furrowing, contour 
ridging (or listing), and strip cropping. 

Effect of Season on Soil and Water Losses 

Water erosion generally is most severe during summer and spring, 
especially in the humid East. In the Pacific Northwest, specifically in the 
Palouse Wheat Belt of southeastern Washington and adjacent Idaho 
and Oregon, much serious erosion is caused by snow melting under the 
impact of warm winds from the Pacific (c/imoo/c.v), usually from January 
to March, in fields of winter wheat seeded on summer-fallowed ground. 
August and September commonly are the months of most excessive soil 
erosion over much of the semiarid and arid grazing areas of the South- 
west. As a rule, erosion is most serious over the greater i)art of the Pacific 
Coast region in winter and spring, because this is the season of heavy 
precipitation. 

In genera], the period of heaviest erosion by water is that season repre- 
sented by a combination of unstable ground condition and intensive 
rainfall. This obviously is dependent on both climate and type of land use. 
In most humid sections, heaviest soil washing takes place in the spring 
or early summer on freshly plowed land or land supporting a sparse or 
weak cover of vegetation or crop stubble, provided the heaviest rains fall 
at that time. In the same locality, the season of most disastrous washing 
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for the following year may be delayed until summer or late summer, if the 
heaviest and most intense rains chance to be delayed that long. 

Wind erosion is influenced by seasonal conditions in much the same 
manner as water erosion. It is most severe when the ground is highly 
desiccated, loose, and bare of anchoring vegetation and, of course, when 
the wind is most constant and violent. In the Great Plains, it is generally 
most disastrous in winter and early spring, because of the frequency of 
soil-transporting wind and, during drought, the excessive instability of the 
soil at that time of the year. However, wind erosion may be serious in time 
of protracted drought at any time of the year, not only in the Plains but 
in many dry-land areas west of the Plains, especially on the less stable 
soils, as the more sandy lands, bared of vegetation by cultivation, over- 
grazing, or crop failure. 

Average seasonal variations in erosion and runoff can be accurately 
ascertained for different regions only through long-time measurements, 
since seasonal rainfall varies markedly from year to year. The data 
contained in Table 10 indicate the wide variations tl t have occurred 
from season to season at three of the soil and water con..ervation experi- 
ment stations, all of which are in the humi d i -gion. Erosion from clean- 
tilled crops has been greater generally during the period of greatest 
precipitation at the sites referred to — ^usually in summer. Eunoff from the 


Table 10. — ^Average Seasonal Soil and Water Losses under: 
(1) Cultivation and (2) Protective Cover of Vegetation 
FOR Period 193^-1936^ 


Soil and location 


Slope, 

per 

cent 


Marshall silt loam, Clarinda, 
Iowa 


Shelby silt loam, Bethany, Mo. 


Cecil sandy clay loam, States- 
ville, N. C 


10 


Season 


Aver- 

age 

precip- 

itation, 

inches 


■ Winter 
) Spring 
1 Summer] 
[Fall 
' Winter 
I Spring 
j Summer 
Fall 
Winter 
I Spring 
Summer] 
Fall 


Crop 


Corn 


Corn 


Cotton 


Clean tilled 

Soil 

loss, 

tons 

per 

acre 

Water 

loss, 

per 

cent 

precip- 

itation 

/ 1.07 

47.80 J 

3 6.80 

24.60 f 

] 15.84 

16.16 r 

( 3.38 

12.85 ) 

f 0.16 

25.15 J 

3 15.08 

21.05 ( 

] 25.15 

29.78 f 

( 13.35 

31.80) 

f 0.84 

3.54 J 

3 4.74 

6.10 ( 

1 16.87 

15 92 ( 

( 1.67 

8.01 ) 


Crop 


Grass 


Grass 


Grass 


Dense cover 


Soil 

loss, 

tons 

per 

acre 


Water 

loss, 

per 

cent 

precip- 

itation 


36.00 

14.07 

5.91 

1.68 

10.06 

1.11 

11.20 

0.65 

0.11 

0.04 

0.18 

0.04 


1 Measurements at soil and water conservation experiment stations. Soil Conservation Service. 
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highly permeable Marshall silt loam has proceeded at the highest rate 
during the winter period when the soil was frozen, whereas at the station 
located near Bethany, Mo., on the much less permeable Shelby silt loam, 
it has been most rapid in summer and fall. Rainfall loss from Cecil sandy 
clay loam at the Statesville, N. C., station has been most rapid during 
summer. From comparable areas protected with a dense cover of grass, 
soil losses have been relatively low at all seasons, with some tendency 
toward greatest severity in spring and summer, except from Shelby 
loam in north-central Missouri, where the higher rate of erosion, thus far, 
has been in the fall. Runofi losses from grassed areas, on the other hand, 
have been highest on the Marshall and Shelby types in winter and on 
the Cecil in spring. 

Similar studies at the University of Missouri^ covering a longer period 
of investigation (1918-1931) show that the greatest losses of soil under 
fallow or sparse cover conditions have occurred during April, June, 
August, and September. The average rainfall at this site was highest in 
September, with June, May, and April following in order. It is interesting 
to note that in spite of the higher rainfall of May as compared with April, 
erosion has averaged lighter for the former month, probably because of a 
somewhat greater vulnerability of the soil at the earlier season. Runoff 
at the Columbia, Mo., station has been highest, commonly, during April, 
June, and September from the fallow or sparsely vegetated areas, as well 
as from the area continuously covered with grass. 

Much additional information is needed with respect to the effect of 
season on I'ates of erosion and runoff, as a means of assisting in the 
perfection of the best combination of vegetative and mechanical controls 
and in proper adjustment of such measures to the land (see Chap. VII, 
‘‘Climate and Soil Erosion’’). 

Effect of Crop Rotation on Erosion and Rnnolf 

Since a good crop rotation provides more cover of a protective nature 
for a given field over a period of years than the production of clean- tilled 
crops continuously and improves the physical condition of the soil (and 
probably also the biologic condition) by building up the sui)j)]y of organic 
matter in the soil, it is not surprising to find that such protec ti^fc practice 
generally results in marked reduction of erosion and runoff, as shown in 
Table 11, summarizing the losses from comparable areas and conditions 
under (1) continuous clean tillage and (2) crop rotation. 

^ Miller, M. F., and Krusekofp, TI. H. The Influence of Systems of Cropping and 
Methods of Culture on Surface Runoff and Soil Erosion, Univ. Missouri Research BvlL 
177 , 1932 . 
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Table 11. — Annual Soil and Water Losses from Several Important Types 
OF Farm Land, under Crop Rotations and Continuous Cultivation^ 


Soil and 
location 

Slope, 
per cent 

Period, 

inclusive 

Rain- 

fall, 

inches 

1 

! 

! 

Crop 

Soil 

loss, 

tons 

per 

acre 

Water 
loss, 
per cent 
precip- 
itation 

Vernon fine sandy 







loam, Guthrie, 




( Cotton in rotation 

14.33 

12.9 

Okla 

7.7 1 

1930 to 1935 

33.12 

( Cotton continuously j 

24.29 

14.2 

Houston black clay. 




1 

( Corn in rotation ' 

18.46 

12.1 

Temple, Tex . , . 

4.0 

1931 to 1935 

31.34 

^ Corn continuously 

20.89 

13.7 

Colby silty clay 




i 

/Kafir in rotation 1 

11.96 

18.6 

loam, Hays, 

Kans 

5.0 

1930 to 1935 

20.36 

) Kafir continuously 

11. T4 

16.2 





J Wheat in rotation | 

2.13 

10.8 





1 Wheat continuously | 

2.25 

10.7 

Shelby silt loam, 




1 

( Corn in rotation 

27.33 

20.6 

Bethany, Mo.. . 

8.0 

1931 to 1935 

34,79 

/ Corn continuously | 

68.78 

28.3 

Cecil sandy clay 




i 

! 



loam, Statesville, 




( Cotton in rotation 

13.87 

8.8 

N. C 

10.0 

1931 to 1935 

45.22 

1 Cotton continuously | 

22.58 

10.2 

Marshall silt loam. 




! 



Clarinda, Iowa . 

0.6 

1933 to 1935 

26.82 

j Corn in rotation 

13.41 

8.5 





^ Corn continuously , 

18.82 

8.6 

Clinton silt loam. 




; 

/CG QO 1 

1 it A 

La Crosse, Wis. . ] 

16.0 

1933 to 1935 

34.12 

\ XXX TOii^^LtjXOXX 

Y • • 1 1 

00.035 

1 

1d.4 





1 Corn continuously 

88.35 

20.6 

Muskingum silt 
loam, Zanesville, 




/ Corn in rotation j 

27.57 

24.0 

Ohio 

12.0 

1934 to 1935 

34.51 

) Corn continuously ! 

59.62 

35.2 





\ Grass in rotation 

0.20 

14.1 





k Grass continuously 

0.05 

4.5 


^ Measurements at soil and water conservation experiment stations, Soil Conservation 
Service. 


The rotations cited in Table 11 for eight important types of farm land, 
within as many problem areas, include in the cycle of crops grown one or 
more of dense cover such as provide greater stability to the soil and 
produce heavier residues of vegetable matter in the form of roots and 
stubbles for increasing the organic-matter content of the soil. Some of 
them provide for the turning under of the entire crop; others include 
legumes that add not only humus but nitrogen obtained from the vast 




Graph 21. — Effect of crop rotation on soil and water losses, 1980-19B5, inclusive. 
Plots tJo acre on Vernon fine sandy loam, Guthrie, Okla., 7.7 per cent slope Tliree-year 
rotation: cotton, wheat, sweetclover (wheat seeded in cotton in fall, and swectclover 
ensuing winter.) (Soil Conservation Service.) 
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supply of that important element of plant food contained in the atmos- 
phere. With respect to the protective efficiency of a given rotation, much 
depends on the kinds of plants included in the succession of crops. For 
example, grass in rotation usually is not so effective in restraining runoff 
and erosion as where it is grown continuously. 

The best crop rotation for reducing the loss of soil and water is one 
that not only provides for a reduction of the area devoted to clean-tilled 
crops but also provides for dense cover of protective vegetation, in the 
form of the growing crop or its stubble, during the season of intense rains 

RUN-OFF, PERCENT OF PRECIPITATION TONS SOIL LOST PER ACRE ANNUALLY 



Graph 22. — Effect of crop rotation on soil and water losses, 1930-1935, inclusive. 
Average for continuous cotton, for each crop in the rotation, and for the rotation. Plots 
acre on Vernon fine sandy loam, Guthrie, Okla., 7.7 per cent slope. Three-year rotation: 
cotton, wheat, and sweetclover (wheat seeded in cotton in fall, and sweetclover in wheat 
ensuing winter.) {Soil Conservation Service.) 

as well as the season following harvest. Thus, small grain, as wheat, 
barley, or oats, gives considerable protection, especially when the crop 
has attained sufficient growth to provide good coverage of the land. In 
Ohio, for example, intense rains ordinarily do not occur so frequently in 
spring (time for seeding oats) as during autumn (time for seeding wheat) ; 
therefore, the protective effect of oats under the particular conditions of 
this locality may be expected, generally, to prove superior to that of 
wheat. Thus, within limits of practicability, it is important to adjust the 
crops included in rotations, to average seasonal characteristics, in accord- 
ance with their growing habits. It is also important to preserve the protec- 
tive stubble of dense-growing crops fitted into rotation as long as possible, 
and to plow under no more than is immediately necessary of seasonal 
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cover crops, especially during seasons characteristic of intense rains or 
winds, in the preparation of the field for the succeeding cultivated crop. 

Graph SI shows annual and average loss of soil and water under a 
3-year rotation of wheat, sweetclover, and cotton, together with the 
annual and average precipitation, for Vernon fine sandy loam, near 
Guthrie, Okla. Graph compares the respective annual losses of soil and 
water while in use for the three crops included in the 3-year rotation with 
the losses sustained under continuous use for cotton. 

Efiect of Cropping Practices and Direction of Cultivation 
on Erosion and Runoff 

Cultivation of intertilled, or row, crops on the contour instead of in the 
direction of slope (up and down the slope) is usually effective in reducing 
both soil and water losses. Examples of control effects of this kind are 
shown in Table 12 for four widely different, important types of farm land: 
Marshall silt loam of 8 per cent slope, Houston black clay of 4 per cent 
slope, Colby silty clay loam of 5 per cent slope, and Vernon fine sandy 
loam of 6.8 per cent slope. 

Also, the use of strips of close vegetation, such as alfalfa in conjunction 
with cotton as cited in the results from Guthrie, Okla., is effective in the 
control of erosion. Here the practice reduced the soil loss below that of 
continuous cotton, even though the land slope was somewhat greater 
where the strips were used. At Tyler, Tex., the growing of cotton with 
vetch cover on the contour was not so effective as the production of cotton 
with alternate strips of sorghum or oats also grown on the contour. Like- 
wise, on the Houston black clay, continuous cotton lost soil at the rate of 
224i tons per acre in contrast to cotton and oats in alternation where the 
losses were S2 tons per acre. 

Effect of Organic Matter on Erosion and Runoff 

Incorporation of vegetable matter with tlic soil, whether in the form of 
barnyard or green manures, is usually highly effective in reducing 
erosion and runoff. For example, soil losses from Marshall silt loam of 
9 per cent slope (at the Clarinda, Iowa, station), used for corn (1) without 
manure, {2) manured with 8 tons an acre, and (3) manured with 16 tons 
an acre have been at the rales of 22 , 0, and 4 tons per acre, respectively. 
Even bare soil has shown marked reductions in soil losses as the results 
of manure applied annually, showing the direct beneficial efi’ect of 
organic-matter addition to the soil. Similar results have followed the 
manuring of Clinton silt loam in Wisconsin (Table 13). The principles 
involved with these effects are discussed in “Principles, Processes, and 
Types” (Chap. IV, Part 1). Aside from improvement of the infiltration 
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capacity of soils, and consequent reduction of runoff and erosion, through 
the addition of organic matter, other benefits accrue. By improving the 
structural condition, organic matter increases aeration of the soil. It 
improves soil conditions favoring the growth of beneficial microorganisms. 
It aids in processing the inorganic constituents of the soil, changing 
unavailable materials into forms available as plant nutrients. It aids in 
conserving the easily soluble constituents of the soil as well as those 

Table 1^. — Effect of Various Cropping Practices and Slope Direction 
OF Cultivation on Erosion and Runoff from Agricultural Soils ^ 


Soil and location 

Slope, 

per 

cent 

Period, 

inclusive 

Annual 

rain- 

fall, 

inches 

Treatment 

Row 

direction 

Soil 

loss, 

tons 

per acre 

Water 

loss, 

per cent 
of 

precip- 

itation 

Marshall silt loam, Iowa . . . 

8.0 

1933 to 1935 

26.94 

Corn 

continuously 

Contour 

Up and down 

0.00 

11.75 

0.1 

10.3 

Houston black clay, Texas 

4.0 

1931 to 1936 

32.76 

Rotation: corn, 
oats, cotton 

Contour 

Up and down 

5.77 

13.13 

5.2 

7.5 

Colby silty clay loam, Kansas 

5.0 

1934 to 1935 

17.25 

Wheat 

continuously 

Contour 

Up and down 

1.50 

2.04 

12.4 

15.8 

Vernon fine sandy loam. 








Oklahoma 

6.8 

1932 to 1935 

33.96 

Cotton (wheal, 
winter cover) 

Contour 

Up and down 

24.65 

55.19 

9.9 

11.1 

Vernon fine sandy loam. 








Oklahoma 

4,5 

1935 to 1936 

26.24 

Strip cropping: 
cotton, “wheat, 
alfalfa 

Contour 

0.23 

2.8 

Vernon fine sandy loam. 








Oklahoma 

4.0 

1935 to 1936 

26.24 

Strip cropping: 
cotton, oats, 
Sudan 

Contour 

1.50 

10.3 

Vernon fine sandy loam. 








Oklahoma. 

S.O 

1935 to 1936 

26.24 

Strip cropping; 
oats, cotton 

Contour 

1.33 

6.9 

Vernon fine sandy loam. 








Oklahoma 

3.5 

1935 to 1936 

26.24 

Cotton 

continuously 

Contour 

2.21 

9.7 

Bowie fine sandy loam, Texas 

5.5 

1935 to 1936 

41.33 

Strip cropping: 
cotton, sorghum 

Contour 

10.46 

16.0 

Bowie fine sandy loam, Texas 

5.5 

1935 to 1936 

41.33 

Cotton, vetch 
continuously 

Contour 

31.84 

14.1 

Houston black clay, Texas . . 

3.5 

1934 to 1935 

38.16 

Strip cropping: 
oats, cotton 

Contour 

.086 

0.3 

Houston black clay, Texas. 

3.5 

1934 to 1935 

38.16 

Cotton 

continuously 

Up and down 

7.38 

5.1 

Houston black clay, Texas. . 

3.5 

1934 to 1935 

38.16 

Colton 

Up and clown 

18.63 

16,7 

Houston black clay, Texas. . 

3.5 

1935 to 1936 

43.25 

Strip cropping: 
vetch, cotton 

Up and down 

0.70 

2.6 

Houston black clay, Texas., 

3.5 

1035 to 1936 

43.25 

Cotton 

continuously 

Contour 

16.65 

0.2 

Houston black clay, Texas . . 

3.5 

1035 to lose 

43.25 

Cotton 

continuously 

Up and down 

27.78 

18.0 


1 Measurements at soil and water conservation experiment stations, Soil Conservation Service. 
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contained in fertilizers applied to the soil. It develops a buffering capacity 
against toxic efiPects of materials developed within or added to the soil. 

All of these benefits are reflected in increased vegetation, which 
prevents soil and water losses through (1) the binding effect of the more 
vigorous and widely spreading root systems produced and (2) increased 
protection of the ground surface from direct impact of rains provided by 
increased vegetative canopy. And the relatively abundant amount of 
organic matter supplied by the roots of grasses or legumes grown in rota- 
tion is of great value, for a period, in binding soil particles together when 
the land is subsequently used for those crops which expose it to wind or 
water erosion. 

Effect of Grass and Forest on Erosion and Runoff 

Erosion proceeds so slowly under a good cover of grass, or woods 
growth old enough to have accumulated a layer of litter or mold over the 
entire forest floor, that the profound effect is restated here as a matter of 
emphasis. Table 14 shows the almost insignificant rates of soil loss and the 
usual very low rates of runoff from four extensive and important types of 
farm land. In only a single instance has the soil loss exceeded one ton per 
acre in one year. In some instances, only traces of soil have been lost; and 
in no instance has the water loss been as much as 10 per cent of the total 
precipitation, averaging for the 19 average measurements recorded 
2.58 per cent of the total precipitation. 

Table 13. — Annual Soil and Wateb Losses from Two Important Types 
OF Farm Land Treated with Organic Matter^ 





Manure, 


Soil, slope, 
and location 

Period, 

inclusive 

Ilain- 

fall, 

inches 

applied 
annually, 
tons per 

Treat- 

ment 




acre 





/l6 


Marshall silt loam, 



1 8 

) ^ 

)16 

/ 8 

\ ^ 

( ti 

Corn 

9 per cent slope, 
Clarinda, Iowa 

1933 to 1935 

26.87 

Fallow 

Clinton silt loam, 




16 per cent slope, 
La Crosse, Wis. 

1933 to 1936 

82.28 


Fallow 


Soil los.s, 
tons 

per acre 

Water 
loss, 
per cent 
precipi- 
tation 

( 4.78 

4.0 

] 9.24 

7.4 

( 22.07 

10.4 

( 86.60 

18.7 

■j 46.07 

17.8 

( 58.47' 

20.2 

\ 145.77 

24.9 

(166.02 

9.53 


1 Measurements at soil and water conservation experiment stations, Soil (Conservation 
Service. 
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Table 14. — ^Annual Soil and Wateb Losses from Forested and Grassed 
Areas for Four Important Types of Farm Land^ 


Soil and 
location 


Kirvin fine sandy 
loam, Tyler, Tex.. 


Vernon fine sandy 
loam, Guthrie, Okla. 


Cecil sandy clay loam, 
Statesville, N. C.. . . 


Muskingum silt loam, 
Zanesville, Ohio. . . 


Slope, 
per cent 

Drain- 

age 

area, 

acres 

Rain- 

fall, 

inches 

Period, 

inclusive 

Cover 

Soil 

loss, 

tons 

per acre 

Water 
loss, 
per cent 
precip- 
itation 

7 7.5 

7.94 

45.08) 


( Woods 

0.050 

3.6 

1 9.0 

0.89 

42.12 J 

1933 to 1935 

) Grass 

0.054 

5.5 

\n.5 

0.01 

41.89 \ 


/Woods 

0.079 

0.5 

/12.5 

0.01 

41,89/ 


i Woods, 

0.291 

2.7 

j 


> 

1933 to 1936 

< burned 



/ 8.7 

0.01 

40.53 \ 


/ Grass 

0.036 

0.6 

\16.5 

0.01 

43.00/ 


\ Grass 

0.008 

0.2 

/ 4.8 

5.62 

31.62) 


j Woods 

1.57 

3.6 

1 5.6 

2.50 

SIM) 

1933 to 1936 

1 

) Grass 

0.04 

1.7 

) 5.17 

0.01 

33.42^ 


/Woods 

0.017 

0.2 

J 5.17 

0.01 

33.42 1 


} Woods, 

0.195 

6.1 




1931 to 1935 

J burned 



\ 7.7 

0,01 

33 . 01 ; 


V Grass 

0.029 

0.9 





/Woods 

0.002 

0.1 





1 Woods, 

0.627 

3.6 

10.0 

0.01 

45.26 

1932 to 1935 

] burned 







V. Grass 

0.012 

0.3 


2,23 \ 



( Woods 

0.01 

1.2 


3 . 57 ) 



( Grass 

O.IS 

9.8 


0.01 f 



/Woods 

trace 

0.1 

1£.0 


36.46 

1934 to 1936 





0.01 [ 



j Woods, 

trace 

0.3 


\ 



\ burned 




0.01/ 



\ Grass 

0 031 

7.0 


1 Measurements at soil and water conservation experiment stations, Soil Conservation 
Service. 


On Cecil sandy clay loam of 10 per cent slope, near Statesville, N. C., 
the loss of soil from virgin woodland has averaged only ton per acre 
annually over a period of five years; whereas the corresponding loss from 
grass has been at the rate of only ton per acre annually. The cor- 
responding losses of water have been only one-tenth and three-tenths of 
1 per cent of the total precipitation, respectively. These losses are so small 
that soil probably builds from beneath as rapidly as it is removed from 
the surface. 

In comparison with cultivated land, it is interesting that on the same 
farm the same kind of land (Cecil sandy clay loam, 10 per cent slope) has 
lost, for the corresponding period, 11,290 times more soil under cotton and 
102 times more water than was lost from the comparable forested area 
and 1,881 times more soil and 31 times more water than was lost from the 
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grassed area. At the Tyler, Tex., station, the loss of soil from cultivated 
Kirvin fine sandy loam of 16.5 per cent slope (cotton) has exceeded the 
loss from comparable land well-grassed by 9,005 times, whereas the 
corresponding loss from the same cultivated area has exceeded the soil 
loss from a forested area, similar except for its milder slope (1^.5 per cent), 
by 79^ times. 

Effect of Erosion on Rates of Soil and Water Losses 
from Ten Important Types of Farm Land 

Usually, erosion speeds up as the more absorptive, humus-charged 
topsoil is washed off, to expose less absorptive, less stable sublayers. 
Table 15 shows comparative losses of soil and water from (1) areas still 
retaining the topsoil (or part of it) and (^) comparable areas from which 
the topsoil has been completely removed to the depth of subsoil (B hori- 
zon). In the instance of each of these 10 important types of land, repre- 
senting collectively many millions of acres of farm land, the losses of both 
soil and water have been greater where the subsoil was exposed under 
similar conditions of slope, treatment, and rainfall. For example, in the 
instance of Palouse silt loam, the loss of material from exposed subsoil 
exceeded that from the corresponding surface soil, both areas having been 
originally identical, by six times. Loss of water as immediate runoff 
was more than three times greater from the eroded land. The average loss 
of soil material from the exposed subsoil exceeded the corresponding loss 
from surface soil by 47 per cent. The average water loss from the severely 
eroded areas was one-third greater than from the unoroded or only 
slightly eroded areas. 

It is interesting to note that the loss of both soil and water from the 
exposed subsoil of Cecil sandy clay loam, in the North Carolina Piedmont, 
was nearly the same as from the area with its topsoil intact. 

Weaver and NolP found wide differences in the rate of runoff and 
erosion from unplowed prairie land and overgrazed j)asture in Nebraska. 
With respect to this, they say: ''Eunoff on a 10° slope from ^6.88 inches 
of rainfall during 15 months was ^.5 per cent from prairie, 9.1 from 
overgrazed pasture, and 15.1 per cent from a pasture entirely bared of 
cover by close grazing. The soil was Caridngton silt loam. No measurable 
amount of soil eroded from the prairie, only a small amount from the 
pasture, but 5.08 Lons per acre were lost from the bare area.*’ 

Various factors other than those discussed above materially influence 
rates of soil and water losses. As a matter of fact, every obstacle in the 
path of wind or running water retards the rate of movement and con- 

^ Weaver, J. E., and Noll, W. C. Comparison of Runoff and Erosion in Prairie, Pasture, 
and Cultivated Land. Univ. Nebraska Bull. 11 (contribution from Department of Botany 
No. 96) pp. 34-35, November, 1935. 
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sequently the cutting effect of these most powerful agencies of erosion. 
Every plant, every patch of stubble, every stone and clod, every inequal- 
ity of the ground surface — hummock, depression, basin, or change in 
declivity — each contour ridge or furrow and every hedge or fence following 
the contour deflects wind or retards runoff, to the end of reducing their 
power to pick up and transport soil. 


Table 15. — Effect of Erosion on Rates of Soil and Water Losses 
FROM 10 Important Types of Farm Land Originally the Same^ 






Uneroded 

Eroded 

Soil, location, and 
years of measurement 

Slope, 

per 

cent 

Annual 

rain- 

fall, 

inches 

Crop 

Soil 

loss, 

tons 

per 

acre 

Water 
loss, 
per cent 
precipi- 
tation 

Soil 

loss, 

tons 

per 

acre 

Water 
loss, 
per cent 
precipi- 
tation 

1 

Cecil sandy clay loam, ! 
North Carolina , 

10.0 

48.42 

Cotton 

25.1 

10.5 

25.8 

9.4 

1932-1936 1 

Nacogdoches fine ! 

sandy loam, Texas , 

10.0 

42.34 

Cotton 

8.2 

16.5 

31.9 

21.9 

1932-1936 1 

Kirvin fine sandy ' 

loam, Texas 1932— 

8.7 

40.52 

Cotton 

30.1 

22.2 

65.3 

26.0 

1936 ! 

Muskingum silt loam, 1 
Ohio 1934-1986 

12.0 

36.46 

1 Corn 

73.2 

42.0 

92.6 

38.6 

Clinton silt loam, Wis-i 
consin 1933-1935 

16.0 

34.12 

i 

: Corn 

88.7 

20.8 

108.7 

25.2 

Vernon fine sandy 
loam, Oklahoma 

7.7 

33,12 

1 

Cotton 

24.3 

14.2 

34.4 

28.5 

1930-1935 

Houston black clay, 
Texas 1931-1936 

1 

4.0 

32.76 

Rotation 

14.8 

9.2 

18.5 

15,0 

Marshall silt loam, 
Iowa 1933-1935 

9.0 

26.82 

Corn 

18.8 

8.6 

30.3 

12.8 

Palouse silt loam, 
Washington 

30.0 

21.74 

; Wheat, 

0.7 

3.4 

4.2 

11.8 

1932-1935 

Colby silty clay loam, 
Kansas 1930-1936 

5.0 

20.36 

1 fallow 

Wheat 

2.2 

10.7 

7.8 

14.5 

Average losses 




28.6 

15.8 

42,0 

20.4 


^ Measurements at soil and water conservation experiment stations, Soil Conservation 
Service. 
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Weeds, for example, have reduced runoff, as compared with corn on 
the same kind of land, by more than a third and erosion by more than 
half, according to actual measurements. 

Removal of stones larger than £ inches in diameter from an important 
type of stony soil resulted in the loss of twice as much soil as from a 
comparable area with the stones left in place and increased the tendency 
of the land to gully. In the mountains of eastern Cuba, west of Cape Cruz, 
a stringent rule on sugar*, cane plantations is that neither stone nor tree 
stump can be removed in clearing land for cane. Experience has taught 
the growers that heavy rains accompanying the tropical storms of that 
region strip off the productive soil in a very short time when clean clearing 
and plow cultivation are practiced. 

Table 16 shows the powerful effect of a vegetative mulch in reducing 
erosion on one of the most important types of land in the southern 
Piedmont. The mulch was applied at the rate of approximately 23 tons 
an acre and was renewed in September or October each year. 

The effectiveness of various practical erosion measures in retarding 
runoff and holding soil against water and wind is discussed in other 
chapters dealing with control and prevention of erosion. 


Table 16. — Soil and Water Losses li’ROM Freshly Cleared Cecil Sandy 
Clay Loam, 10 Per Cent Slope, ^ Treated with Forest Litter^ 


Treatment 

Year 

Rain- 

fall, 

inches 

Soil 

loss, 

tons 

per 

acre 

Water 

loss, 

per 

cent 

precipi- 

tation 

Covered with 2-inch layer of 

1934 

49.34 

0.27 

10.98 

undecomposed pine needles 

1935 

42,80 

0.18 

11.33 


1936 

60.00 

0.11 

8.98 


Average 1934 to 1936 


0.19 

10.43'^ 

Covered with 2-inch layer of 

1934 

49.34 

0.25 

10.87 

undecomposed hardwoods 

1935 

42,80 

0.32 

8.57 

forest litter 

1936 

60.00 

0.09 

6.08 


Average 1934 to 1936 


0.15 

8.5P 

Continuous cotton, no treat- 

1934 

49.34 

15.15 

8.60 

ment 

1935 

42.80 

40.72 

22.38 


1936 

60.00 

40.92 

17.41 


Average 1934 to 1936 


32.26 

16.13^ 


^ Average ajinual precipitation 50.71 inches. 

^ Measurements at soil and water conservation experiment station, Soil Conservation 
Service, Statesville, North Carolina, 

® Average of yearly percentages. 
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Effect of Biological Forms on Soil and Water Conservation 

To a degree mucli more profound than is generally realized, erosion is 
influenced by the millions of organisms that inhabit the soil. This influence 
may be direct, as in the case of such organisms as earthworms, various 
insects, and rodents; or indirect, as in the case of those forms grouped 
under the general heading of microscopic organisms. 

As long ago as 1881,^ Darwin called attention to the fact that earth- 
worms aid in the denudation of English soils. As a result of careful 
observation and weighings, he calculated that a large quantity of earth 
passes through their bodies and is deposited on the surface of every acre 
(about 10 tons annually). Castings left in this way on pasture land are 
frequently washed downslope with heavy rains, so that some soil is lost 
even where the ground is protected by a dense sod. Although quantitative 
data pertaining to this point are not available for the United States, there 
is evidence that similar activities take place in the humid parts of the 
country. On the other hand, earthworm burrows often extend to a depth 
of 3 to 4 feet or more and serve as water channels to increase the infiltra- 
tion capacity of the soil. Earthworms also aid materially in carrying 
fragments of organic matter below the surface. In working over the soil 
with its content of organic matter, earthworms improve its physical 
condition, especially with respect to the development of a crumb struc- 
ture, thus aiding in making soil more permeable to water. 

In the arid and semiarid Western regions particularly, rodents play 
some part in erosion damage by bringing loose earth to the surface, where 
it is subject to wind and water erosion. Especially in overgrazed areas, the 
influence of such forms as the gopher, the prairie dog, and the kangaroo 
rat may sometimes be considerable. The chief effect of these mammals 
and of various insect forms, however, lies in their destruction of vegetative 
cover. The grasshopper has been responsible for exposing many areas to 
the beat and wash of the rain by stripping off the coverage of vegetation. 

The biological effects on the soil of microorganisms, such as protozoa, 
bacteria, fungi, and algae, are enormously important, even essential to 
productivity. As Selman A. Waksman, microbiologist of the New Jersey 
Agricultural Experiment Station, points out:^ ‘‘For every plant or 
animal living on the surface of the earth, there are hundreds of kinds of 
lower forms of life which lead their entire existence in the soil and which 
give life to the soil itself.*’ The influence of these organisms depends on 
their ability, especially marked in the case of bacteria and fungi, to break 
down fresh organic matter. 

When organic material, such as barnyard manure, green manure, 
and crop residues, is incorporated with the soil, it is attacked by fungi 

1 Darwin, Charles. ‘'Vegetable Mould and Earthworms.” Appleton ed. 1890. 

^ Waksman, Selman A. The Living Soil, Soil Cons., Vol. 3 , pp. 173-177, January, 1938. 
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and bacteria and is broken down into various organic compounds. Among 
the end products are ammonia, nitrate nitrogen, carbon dioxide, and 
various organic acids which tend to enrich the soil solution by converting 
unavailable mineral elements of the soil into available nutritive forms. 
When residues containing small amounts of nitrogenous and large 
amounts of carbonaceous materials are added to the soil, temporarily 
available forms of nitrogen tend to disappear, and, as a result, higher 
forms of plant life may suffer from a lack of this element. This is one 
reason why leguminous plant residues produce better results under some 
conditions than do nonleguminous plants. The residue left in the soil after 
decay of the more readily decomposable organic matter is complex 
colloidal organic material which greatly increases the base exchange 
capacity of a soil. Both the quality and the quantity of these organic 
colloids materially affect the stability of the structural aggregates of the 
soil. These aggregates largely govern the maintenance of favorable soil 
granularity, such as has much to do with resistance to erosion and 
capacity for absorption of rainfall. 

Prom the standpoint of soil conservation, the activities of soil micro- 
organisms may be considered both helpful and harmful. The breakdown 
of organic matter with the production of nitrates is essential to crop 
production. But the continued destruction of soil organic matter under 
cultural practices tends to create conditions favoring erosion. On the other 
hand, the production of the organic colloids tends toward the develop- 
ment of a desirable erosion-resistant granular structure, as noted above. 
It is apparent, then, that it usually is necessary in farm practice to restore 
organic matter to the soil by the use of manures, green manures, and crop 
residues as well as by growing in rotation those plants which supply 
vegetable matter through the decomposition of their roots. When such 
restoration is made, the action of soil microorganisms in the production 
of more humus is, in the end, favorable to soil conservation. 

The organisms that inhabit the soil are of the utmost importance to 
soil productivity. Much or all of the nitrogen that crops use is derived 
from organic matter through the action of ammonifying, nitrite- and 
nitrate-forming organisms. An unknown amount is fixed by such inde- 
pendent organisms as Azotobacter which obtain their energy from 
decaying organic material. The Rhizobium microbes fix nitrogen in the 
soil in the nodules of legume roots that they invade. There are injurious 
organisms as well as beneficial ones, but, on the whole, the biological 
activities in a soil well supplied with organic matter make for soil 
productivity. 





Chapter VI. Relation of Physical and 
Chemical Properties of Soils to the 
Erosion Problem 


When the seriousness of the problem of soil erosion was finally recog- 
nized, fundamental studies of the causes began, along with efforts to 
develop new and better methods of control and prevention. It soon became 
apparent that, aside from the effect of declivity or length of slope, some 
types of soil are much more susceptible to erosion than others. This further 
complicates the problem of control, since methods that may be adequate 
for one type of land may be entirely inadequate for another, under identi- 
cal conditions of rainfall and use. 

Investigations have shown that under a tropical climate, certain types 
of highly weathered, nonplastic clays are almost immune from erosion, 
whereas slightly weathered, plastic clays are subject to severe erosion 
on cultivated slopes.^ Analyses of representative samples have revealed 
marked differences in the chemical composition of these groups. It has 
been shown that the molecular ratio of silica to iron oxide plus alumina in 
various clay types of high colloid content (particles having diameter of 
0.002 millimeter or less) covers a wide range and that opposite ratios (low 
and high) are associated with markedly different soil characteristics, 
including degree of erodibility. 

Average analyses of samples representing three groups from Cuba, 
each having distinctive characteristics in this respect, show the following 
relation of contained silica to iron and alumina: 


Ratio of Silica to 

Soil Group Consistence Iron and Alumina^ 

Nipe clay Extremely friable 0.17 

Matanzas clay Intermediate friability 1.86 

Bayamo clay Extremely plastic 4.13 


^ This silica-sesquioxide ratio is expressed as 

Fe203 + AI 2 O 3 

^ Bennett, H. H. Soil Erosion and Flood Control, lectures before the (Graduate School, 
U. S. Dept. Agr. (mimeographed), 1928. 


169 



170 


SOIL CONSERVATION 


It was found ^ in all the tropical soils examined that those most resistant 
to erosion have a molecular ratio of silica to iron and alumina of less than 
2. Also, marked differences in the base-exchange capacities of these soils 
were revealed. The highly weathered material of Nipe clay has a very 
low base-exchange capacity, whereas the little-weathered plastic material 
of Yaguajay clay (Bayamo group) has a high base-exchange capacity. 
Table 17 shows the base-exchange capacities of the three groups.^ 

These preliminary investigations led to more intensive studies of the 
properties of soils that affect their erodibility. Some of these properties 
(all closely related and interdependent) are: 

1. Texture 

2. Structure 

a. Ease of dispersion 

h. Degree of aggregation 

c. Porosity 

d. Permeability 

S. Organic-matter con lent 

4. Chemical composition 


Effect of Texliire 

The direct effect of texture on erodibility can be stated in ai)proximatc 
terms only. In general, coarse texture indicates high permeability and the 
necessity of comparatively high velocities on the part of runoff water to 
move the individual particles of soil. On the other hand, coarse texture is 
usually associated with single-grain structure (particles separated, that is, 
not clustered in granules or aggregates) ; and for tJiis reason, unprotected 
coarse-grained soils usually arc less resistant, within certain limits 
(probably up to the texture of coarse sand), to concentral(‘d flows of high 
velocity than fine- textured soils.'* 

The effect of structure, coupled with the influence of those properties 
associated with chemical composition, is so pronounced in most fine- 
grained soils, except those of very high silt conUuit, that Lcxturc' alone has 
little significance. Some types of high silt-content soils are extremely 

^ Bennett, H. H. Some Comparisons of the Properties of IIurnid-Lropk'al and Ilumkl- 
temperate American Soils, with Special Reference to Indicated Il<‘lations hotweon (’hcmical 
Composition and Physical Properties, flail Set., Vol. 21, pp. 840 875, 1020. 

^ Bennett, H. H., and Allison, R. V. “The Soils of Cul)a.“ Tropical Plant Research 
Foundation. 1928. 

Sec Gerdel, R. W, Reciprocal Ilclation.ships of Texture, Btriicture, and Erosion, 
Soil Sci. Soc. America Proa., Vol. 2, pp. S87-fi45, 1037. 
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indirectly by reason of its influence on the growth of plants. The silica- 
sesquioxide ratio appears to be the most significant index of erodibility 
obtainable by chemical analysis. It is an index of the degree of weathering 
and, as a result, of erodibility. General observation, together with some 
quantitative data, indicates that highly weathered soils are less suscepti- 
ble to erosion than young or slightly weathered soils. This ratio is of 
particular value in comparing soils of the same general locality. 

Although no such striking differences have been found in the chemical 
composition of the soils of the United States as in those of the Tropics, the 
same general trend exists. The Davidson and Iredell soils of the Piedmont 
region of the Southeast are among the more outstanding examples of 
contrasts in susceptibility to erosion of the many types that have been 
studied from this standpoint. The Davidson, a highly weathered, rela- 
tively nonplastic soil, is exceptionally resistant to erosion, whereas the 
Iredell, an immature soil with an exceedingly plastic subsoil {B horizon), 
is subject to severe erosion on sloping areas. The properties of these soils 
have been studied intensively.^ Figure 64, showing the clay subsoil of 
Iredell silt loam, affords some conception of the plastic nature of the 
material in the severe fracturing produced by the shrinkage on drying. 
The profile of Davidson clay loam (Fig. 65), on the other hand, shows no 
shrinkage or cracking as the result of drying. Table 18 shows the sesqui- 
oxide ratios of the* colloids contained in the Ay By and C horizons of these 
contrasting types: 

Table 18 . — Silica-sesqtjioxide Patios of Colloids of Iredell 
AND Davidson Soils 

Bilica-sesquioxide Ratio 


Horizon 

Iredell 

Davidson 

A 

1.66 

1.33 

B 

1.78 

1.44 

C 

1.76 

1.28 


The important Nacogdoches and Kirvin soils of east Texas and ad- 
jacent parts of Louisiana and Arkansas, which are notably different in 
their susceptibility to erosion (see Table 7), also show considerable con- 
trast in their silica-sesquioxide ratios.^ 

^ Lutz, J. P. The Physico-chemical Properties of Soils Affecting Soil Erosion, Missouri 
Agr. Exper. Sta. Research Bull. 1934. 

Middleton, H. E. Properties of Soils Which Influence Erosion, U. S. Dept. Agr. Tech. 
Bull. 178, 1930. 

2 Middleton, H. E., Slater, C. S., and Byers, H. G. The Physical and Chemical Char- 
acteristics of the Soils from the Erosion Experiment Stations (2d rept.), U. S. Dept. Agr. 
Tech. Bull. 430, 1934. 
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^ Lutz, J. P. The Physico-chemical Properties of Soils Affecting Soil Erosion, Missouri 
Agr. Exper. Sta. Research Bull. 1934. 

Middleton, H. E. Properties of Soils Which Influence Erosion, U. S. Dept. Agr. Tech. 
Bull. 178, 1930. 

2 Middleton, H. E., Slater, C. S., and Byers, H. G. The Physical and Chemical Char- 
acteristics of the Soils from the Erosion Experiment Stations (2d rept.), U. S. Dept. Agr. 
Tech. Bull. 430, 1934. 
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Effect of Structure 

Structure Is of primary importance in determining erodibility of a soil. 
Since it is the result, in large degree, of complex interactions of texture, 
contained organic matter, and chemical composition, it is difficult to 
devise satisfactory methods for its direct measurement, although various 
indirect methods have been used. Determination of the ease and degree of 



Pig. 06. — (liaraclerisLic erosion of the exposed subsoil of Helena sandy loam. The fine 
maLerinl of the sandy clay subsoil goes readily into suspen.sion and flows away, thus devel- 
oping a highly unstable or skeleloniizcd condition. {Photograph by Soil Conserimtion 
Service.) 

dispersion of the soil particles, together with the degree of aggregation, 
probably provides the most useful information on the subject. Measure- 
ments of dispersion and aggregation are complementary in that particles 
of soil not dispersed by water remain aggregated or clustered in granules, 
which are favorable to infiltration of rainwater. Various methods have 
been described for measuring the degree of dispersion and of aggregation.^ 

^Some of the methods for determining degree of cli.sp(irsion and aggregation are 
described in: Baver, L. D,, and Rhoades, H. F. Aggregate Analysis as an Aid in the Study 
of Soil Structure Relationships, Jour. Am, Soo. of Agronomy^ VoL 2:4, pp. D2()--03(), 1982. 
Lutz, J. F. The Physico-chemical Properties of Soils Affecting Soil Frosion, Missouri 
Agr. Exper. Sta. Research Bull, 212, 1984. Middleton, H. E. Properties of vSoils which 
Influence Erosion, U. S. Dept. Agr. Tech, Bull, 178, 1980. Yoder, R. E, A Direct Method 
of Aggregate Analysis of Soils and a Study of the Physical Nature of Erosion Losses, 
Jour. Am. Soo. of Agroiiomy, Vol. 28, pp. 837-351, 1936. 
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Soils containing a large proportion of water-stable aggregates gener- 
ally are more resistant to erosion than dense or compact soils character- 
ized by dispersed particles. Higher velocities of flow are necessary to 
suspend and move the aggregates than for transporting the lighter 
individual particles (of which aggregates are composed). Figure 66 shows 
the type of erosion that may be expected on nonaggregated or easily 
dispersed soils. 

Figure 66, showing the subsoil of Helena sandy loam (an important 
type of the southern Piedmont region), illustrates the readiness with 



Fig. 67. — Gully erosion in Cecil clay loam. Note undercutting of the B horizon, where 
water has attacked the unconsolidated C material, and resultant caving. [Photogra'ph by 
Soil Conservation Service.) 


which the fine colloidal material goes into suspension and flows away to 
leave a honeycombed or skeleton section of unconsolidated sandy material 
which offers very little resistance to erosion. In contrast j the clay subsoil 
of the associated Cecil soils is more granular and resistant to concentrated 
flow of water. However, it is underlain usually by a third layer (C horizon) 
of soft weathered rock (gneiss or granite), which erodes very rapidly where 
exposed, undermining the overlying clay (the B horizon) and resulting in 
caving, as illustrated in Fig. 67. 

As previously explained elsewhere, when muddy water penetrates a 
soil, the suspended particles are strained out near the surface and lodge 
in the pore spaces of the soil. Thus, the openings are choked, and infiltra- 
tion is reduced. The greater the proportion of rainfall that may be 
induced to enter the soil the smaller the quantity of water remaining to 
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run off the surface and cause erosion. For this reason, soils of open struc- 
ture that do not shrink or crack very much with drying or wetting and 
are not dispersed readily have a greater capacity for intake of water and, 
accordingly, are less susceptible to erosion. 

Porosity of soil as ordinarily measured may be of little value in 
estimating susceptibility to erosion. If the difference between the capillary 
and noncapillary porosity of a soiP.is known, however, susceptibility to 
erosion can be measured more accurately. Unfortunately, few data show- 
ing the relation of noncapillary pore space to credibility^ and infiltration 
are available. It is evident from the available information, however, that 
soil with a large volume of noncapillary pore space has a high rate of 
infiltration and a low susceptibility to erosion. 

The rate of percolation of water through soil profiles has been the 
subject of much study. In general, no significant relation has been found 
between results obtained with disturbed soil samples in the laboratory and 
soils of undisturbed natural structure in the field. Comparative results 
obtained in the laboratory are of value in a qualiLalive estimation of 
erodibility. 

Methods and apparatus have been developed with which it is possible 
to measure directly in the field the rate at which water enters a soil profile.^ 
Such measurements furnish direct comparisons of the infiltration rates of 
soils with undisturbed structures. They are also of great value in compar- 
ing the erodibility of various soil types. Since the apparatus is readily 
portable, these fundamental data may be obtained from a large number 
of soil types in a comparatively short time. 

Structure is not always constant througliout the extent of a soil; at any 
one location, it may vary with seasonal changes and cropping procedures. 
For this reason, it is difficult to evaliuitc the erodibility of a soil on the 
basis of any one index. Plot experiments have shown that erosion from a soil 
type at a given location may vary from a fraction of a ton to 150 tons or 
more per acre annually, depending on the cultural treatment of the soil. 
For this reason, an index is of little value in comparing soil lyi)es that 

^ Baver, L. I). Soil Porosity as an Index of Structure, Am, Soil Survey Assoc. BulLt 
VoL 14, pp. 83-85, 1933. 

^ Baver, L. D. Soil Characteristics Influencing the Movement and Balance of Soil 
Moisture, Soil Sei. Soc. America Proc., VoL 1, pp. 431-437, 1937. 

^ Slater, C. S., and Byers, H. G. A Laboratory Study of the Pi(dd Percolation Hales of 
Soils, U. S. Dept. Agr. Tech. Bull. 5^32, 1931. 

^ Musgrave, G. W. The Infiltration Capacity of Soils in IL^lation to tlie Gontrol of 
Surface Runoff and Ero.sion, Jour. Am. Boo. of Agronomy, Vol 27, pp. 330-345, 1035. 

Musgrave, G. W., and Free, G. R. Preliminary Report on a Determination of Com- 
parath^e Infiltration Rates on Some Major Soil Types, Am. Geophys. Union, Trans., 
Part II, pp. 345-349, 1937. 
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are not immediately adjacent or, at least, in the same general locality 
where the factors that affect erosion are constant or nearly so- 

Measurements of soil and water losses from two soil types under nearly 
identical conditions have been made at the soil and water conservation 
experiment station near Tyler, Tex. Some of the field and laboratory data 
pertaining to these contrasting soils are shown in Table 19. 

The Nacogdoches fine sandy loam was less than half a mile from the 
Kirvin area. The principal difference, other than soil character, was the 
slightly greater slope of the former (10 per cent, as against 8.75 per cent). 
Nevertheless, where the topsoil remained, erosion from Kirvin fine sandy 
loam under cotton culture was three times greater than that from 
Nacogdoches fine sandy loam; under grass, it was approximately nine 
times greater. Where subsoil was exposed, erosion from the Kirvin was 
more than twice that from the Nacogdoches. The differences in the water 
losses from the plots were not so striking, but the losses from both surface 
soil and subsoil, respectively, were higher from the Kirvin fine sandy 
loam. 


Table 19. — Comparison of Soil and Water Losses and op Various Physical 
AND Chemical Properties^ of Kibvtn and Nacogdoches Pine Sandy 
Loams at Tyler, Tex., 1932-1934.^ 


Soil 

Crop 

Run- 

off, 

per 

cent 

Aver- 

age 

annual 

ero- 

sion, 

tons 

per 

acre 

! 

Aver- 

age 

annual 

1 yield, | 
pounds! 
per 

acre 

Dis- 

per- 

sion 

ratio 

Pore 

space, 

per 

cent 
by vol- 
ume 

Texture, per cent 

Silica- 

sesqui- 

oxide 

ratio 

Sand 

Silt 

Clay 

Kirvin fine sandy loam 

Cotton 

21.3 

19.7 

323 

37.7 

35.7 

75.1 

15,5 

8.5 

2.02 

Nacogdoches fine sandy loam 

Cotton 

! 16.8 

6.5 

338 

28.2 

43.4 

69.7 

9.8 

18.0 s 

1.07 

Kirvin fine sandy loam. . . 

: Grass 

1.0 

0.06 








Nacogdoches fine sandy loam 

Grass 

0.76 

0.007 








Kirvin subsoil 

Cotton 

26.2 

66.7 

60 1 

13,4 

53.4 

30.9 

7.3 

60.9 

1.74 

Nacogdoches, subsoil 

j Cotton 

21.6 

31.7 

10 1 

13.8 

48.8 

45.7 

4.9 

48.4 

1.21 


1 Data from Tech. Bulls. 316 and 430. U. S. Dept. Agr. 

2 Average annual rainfall 42.06 inches on Kirvin; 42.6 inches on Nacogdoches. Respective slopes. 8.75 and 
10 per cent. 


Laboratory data indicate a much greater susceptibility to erosion on 
the part of the surface soil of the Kirvin fine sandy loam. Its soil material 
is dispersed more readily than that of the Nacogdoches and has less 
porosity, indicating lower infiltration capacity (as actually shown by the 
runoff data). The higher content of clay in the Nacogdoches, together with 
its low silica-sesquioxide ratio and higher content of organic matter (1.89 
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as against 0.54 per cent), is indicative of a much more erosion-resistant 
structure than that of the Kirvin. 

With respect to the subsoil of these types, laboratory findings are not 
so conclusive as for the surface soils. It is difficult to determine, however, 
whether the distinction is due to differences in the characteristics of the 
soil and subsoil or to differences in the amount of cover contributed by 
the crops grown. The relatively low silica-sesquioxide ratio of the Nacog- 
doches subsoil indicates that it has a more favorable structure in relation 
to susceptibility to erosion than the subsoil of the Kirvin. 





Chapter VII. Climate and Soil Erosion 


The Deyelopment of Climatology as an Applied Science 

Climate has always directly and indirectly influenced man's mode of 
living. The farmer, the navigator, the craftsman, the laborer, all men in 
all cultures have always been acutely aware of the bearing of “the 
weather" on their lives. It was not, however, until men began to travel 
widely and to write accounts of their journeys that it was recognized that 
climate varies from place to place and that along with this variation a 
corresponding differentiation in plant and animal life occurs, as well as in 
the specific techniques and devices that man employs in obtaining food, 
clothing, and shelter. The Greeks were well aware of these differences. 
Thus, Ptolemy divided the world as he knew it into “climate zones," 
pointing out that as one went southward it became warmer, whereas as 
one moved northward from Alexandria the winters became longer and 
colder until finally a land would be reached where there was no summer. 

With the period of exploration and migration, these early ideas were 
revised greatly, but the relationships between climatic and other elements 
were still expressed only in a general way. Not until the eighteenth century, 
when such meteorologic instruments as the thermometer and barometer 
were invented, did scientists begin to express these relationships in 
quantitative terms ; and it was not until the end of the nineteenth century, 
by which time weather records had begun to accumulate, that generaliza- 
tions were made. Even today, we are seriously hampered by the paucity of 
instrumental data: The period of observation is short, and there are too 
few stations providing climatic records. Nevertheless, certain significant 
principles have been developed, and it has become more and more appar- 
ent that an understanding of climate, as it varies from region to region, 
is extremely important. 

The early ecologic work of such investigators as Von Humboldt^ and 
Wallace^ has been revitalized and strengthened through the application of 

^Humboldt, Alexander von. “Personal Narrative of Travels to Equinoctial Regions 
in the New World, 1799-1804.” London. 1822. “Views of Nature.” London. 1849. 

^ Wallace, Alfred Russel. “Man's Place in the Universe.” New York. 190S. “The Geo- 
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climatic data to problems of plant distribution. Similarly, owing largely 
to the work of such Russian pedologists as Dokutschajeff^ and Glinka, 2 
the significance of climate in soil genesis and distribution has been recog- 
nized and given quantitative expression. Finally, geomorphologists, 
dealing with the evolution of land forms and the physiographic processes 
that mold them, have been led to conclude that different climatic regimes 
find expression in correspondingly different minor land forms and in 
different erosion complexes. 

Soil erosion is intimately related to all of these factors : vegetation, soil, 
land form, and physiographic processes. And, more directly, it is related 
to the climatic factors themselves: to wind velocity, rainfall intensity, 
temperature, and many other such elements. Thus, whether it is natural 
or man-induced, erosion finds different expression from climate to climate, 
as to both the forms that it assumes and the rate at which it occurs. Soil 
conservation problems must, therefore, be approached with a clear knowl- 
edge of the climatic environment. 

The Climatic Complex 

Everyone knows what “climate” is, but it is still not an easy word to 
define. Perhaps the most satisfactory definition is that complex of meteoro- 
logic conditions which exists in any given area and imparts an individual- 
ity to the landscape of that area. This is not a rigorous definition, but it 
conveys the important idea that climate is not an abstract term but a set 
of physical conditions directly related to tlie distribution of natural 
phenomena. 

Among the numerous metcorologic elements arc precipitation, 
temperature, relative humidity, evaporation, fog, wind, and air pressure. 
The meteorologist is interested in all of these, for as a physicist he is con- 
cerned with all the dynamic relationships that exist in the atmosphere. 
But the climatologist is principally interested in those climatic factors 
which play the most important role in influencing plant distribution, 
animal distribution, erosional processes, and the activities of man. Air 
density, for example, is a significant element to the meteorologist; but 
the climatologist is mainly concerned with such factors as rainfall and 
temperature which arc of more immediate significance. 

Precipitation, evaporation, temperature, wind, and relative humidity 
arc the most important climatic elements. Comparing conditions in the 
southeastern United Slates with those of the southern Great Plains, the 

graphical Distribution of Animals, with a Study of Living and Extinct Faunas as Elucidat- 
ing the Past Changes of the Earth’s Surface.” London. 1876, 

1 Dokutschajeff, V. V. Discussion in Nat. Hist. Soc. St. Petersburg Proa., 10, 1870. 

2 Glinka, K. D. “The Great Soil Groups of the World.” Trans, from the German by 
C. P. Marbut. Ann Arbor, Mich. 1927. 
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significance of these climatic factors becomes immediately apparent. In 
the Southeast, summers are hot and long, winters mild and short; rainfall 
is moderate to heavy throughout the year; relative humidity is high, 
particularly in the summer when it is “sticky’’ or “muggy”; and wind 
velocities are abnormally high during the hurricane season. Corre- 
spondingly, forest constitutes the natural vegetation; soils are deep and 
slightly acid; streams are numerous; and hills are gently rounded. 
Also, agriculture thrived in the region during Indian time as well as 
during the period following white settlement. On the southern Plains, 
summers are long and hot, winters moderately cold; rainfall is low and 
mainly concentrated in the summer; evaporation is high, especially in 
summer; and wind velocities are high throughout the year. Short-grass is 
the natural vegetative type; soils are only moderately deep and are 
usually neutral to slightly alkaline; streams are few; and where hills occur 
at all, they tend to display sharp angles. Until the advent of mechanized 
agriculture, grazing was the basis of the regional economy. 

In these contrasting climatic environments, soil erosion progresses at 
different rates and in different ways. In the Southeast, gullying and sheet 
washing cause the greatest damage; in the southern Plains, wind erosion 
is the principal hazard. 

This comparison emphasizes the fact that the climatic elements are real 
and significant quantities. By determining the quantitative values of these 
factors from region to region and their relationship to biotic and geo- 
morphologic conditions, it should be possible to develop a number of 
principles that will have practical meaning in soil conservation. 

Climatic Classification 

Designation of the climate of any given region as a certain type implies 
more than mere reference to the amount of rainfall, temperature charac- 
teristics, relative humidity, etc. For example, the wet, hot regions of the 
tropics are associated with that whole assemblage of plant-, animal-, soil-, 
and land-form characteristics typical of this kind of climate. The relation- 
ship of these natural elements to climate is both immediate and once 
removed : Climate acts directly on them and, since they are interdepend- 
ent, acts on them indirectly, also. 

In the instance of plants, it is most convenient to think of the different 
species, genera, and families as competing with one another to survive 
under the existing climatic and soil conditions. Certain plants — called 
xerophytes — can stand drought much better than others. Therefore, 
xerophytes are found in areas where rainfall is very low or where evapora- 
tion is so high that what rain does fall largely passes rapidly back into 
the air. Plants also have a variety of responses to temperature. For 
example, the coffee plant cannot live where temperatures fall below the 
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freezing point. Thus it is that in any given climatic region, certain groups 
of plants will thrive better than any other kind and will become or tend 
to become dominant. Such a plant complex is called climax vegetation. 
Every type of climate has its own particular climax vegetation. 

In addition to determining the optimum conditions for any particular 
kind of vegetation, climate sets certain limits beyond which plants cannot 
penetrate even as subclimax types. Such trees as the southern cypress are 
limited to warm, moist climates. Red oak, on the other hand, is restricted 
to cool regions. 

Climate also has a profound influence on the distribution of soils. This 
can best be understood by considering the way in which soil is formed. 



Pig. 08. — Rounded topography cliaractm.sticH of humid climate land forms. Limestone 
Valley Country, Maryland. {Photograph hy Soil Conservation Service,) 


Through chemical and physical weathering, the rock is broken up to form 
an unconsolidated mantle. Climatic conditions determine to a large extent 
how rapidly and in what ways this primaiy weathering process takes 
place. As soon as a few inches of fragmented material have accumulated, 
the climate begins to participate in actual soil genesis. If the rainfall is 
high and the evaporation low, water percolates down through the soil 
and carries material in suspension and solution from the top downward 
into the lower portions of the soil. With high evaporation rate and low 
precipitation, this leaching process docs not take place. Instead, another 
kind of differentiation occurs in which evaporation has the effect, appar- 
ently, of drawing the basic salts upward in the soil to contribute to the 
formation of a horizon of carbonate accumulation. 
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Temperature is also important; for if the temperatures are high, then 
chemical action will proceed rapidly, and certain changes occur that could 
not take place at lower temperatures. As plants begin to grow on the soil 
cover, they will also influence the soil, since they remove certain con- 
stituents from it, and since on decaying they add humus to the soil. But 
the type of plant that will grow depends to a large extent on the climate; 
so the climate also indirectly influences the soil type that is formed. When 
soils have been acted upon by the same climatic conditions for a long 
time, they are said to be mature. A mature soil, therefore, reflects the 
climatic condition just as does a climax type of vegetation. 



Fig. 69. — Angular, vertical- walled land-form characteristics of much dry climate country. 
Arizona. (Photograph hy Soil Conservation Service.) 


In surface configuration is found another example of the influence of 
climate on the landscape. Gentle, rounded slopes (Fig. 68) are characteristic 
of humid areas where the vegetative cover protects the land against 
violent erosion by running water and wind. Sharp angles — deeply 
entrenched arroyos, cliff-bounded mesas, ‘^pedestar’ rocks — are typical 
of arid regions (Fig. 69) where the water runs off rapidly because of the 
lack of natural vegetation and where the wind, carrying sand particles as 
tools, abrades the bare rock surfaces and scours the basin floors. Between 
these two extremes exists a variety of intermediate conditions, all of 
which are, in some measure at least, related to climate. 

Finally, types of soil erosion vary from climate to climate. Gullying 
and sheet wash are the mechanisms of accelerated erosion in humid lands. 
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Wind is effective chiefly in the arid and semiarid climates. Frost action is 
at a maximum where the temperature crosses the freezing point the 
greatest number of times annually. Ice action is mainly limited to 'polar, 
tundra, taiga, and microthermal climates.^ 

A climatic classification is valuable in so far as it defines climatic types 
in such a way that the relationships and correspondences are emphasized 
and distinctly brought out. Two such classifications, Koppen’s and 
Thornthwaite’s, are useful in this connection. The first, that of Kbppen,^ 
was presented in 1900 and has been revised many times since. The second, 
Thornthwaite’s^ classification, follows Koppen’s general scheme but 
introduces certain refinements. Both illustrate the regional relationship of 
climatic factors to plant, soil, and erosion characteristics. Thornthwaite’s 
classification lays greater emphasis on moisture relationships and is, 
therefore, more applicable to erosion studies. 

It is recognized that although two areas may receive the same amount 
of precipitation annually, or even monthly, one may still be considerably 
drier than the other. Thus, the effective precipitation (that part of precipi- 
tation remaining available for plant use) is greater at Fargo, N. D., than 
at Amarillo, Tex., although the actual annual precipitation is the same 
at both places. At Amarillo, the amount of evaporation is much greater 
than that at Fargo, so that the same amount of precipitation is not so 
effective at Amarillo as it is at Fargo. Thornthwaite has devised an 
expression involving monthly temperature and rainfall figures that serves 
as an index of effective precipitation. This he terms the PE index; and 
since this index is a much more sensitive indicator of variations in plant 
and soil distribution than are simple j)recipitation figures, it is used as 
the quantity denoting usable moisture. 

The other index concerns temperature and is abbreviated TE. This 
was arrived at by summing the monthly temperature indices, the total 
indices thus obtained being arranged and evaluated on the basis of plant 
distribution. The index is of practical application, since the rate of chemi- 
cal reactions that take place in plants and in the soil varies with the 
temperature. Such variations accord with definite types of vegetation 
and soil. 

^ Polar climate is characterized by perpetual snow and ice. Under tundx-a climate, there 
is sufficient warmth to produce such low vegetation as reindeer moss and stunted willow. 
Taiga climate is typified by cold winters, cool summers, and vegetation consisting of forests 
of spruce and fir or their equivalent. The term microthermal applies to climatic regions 
having cold winters and mild or warm summers, for example. New England. 

2 Keippen, Wladimir. Vcrsuch einer Klassifikation der Klimate, vorzixgsweise nach 
ihren Beziehungen zur Pflanzenwelt, Oeogr, Zeiiscltr., Vol. 6, pp. 59S-011, 057-079, 1900. 
Koppen, Wladimir, and Geiger, R. Klimakarte derErde (vSeale; 1 :5i0,000,000), Gotha, 1928. 

Thornthwaite, C. Warren. The Climates of North America According to a New Classi- 
fication, Geog, Rev., Vol, 21, pp. 033-655, 1931. 
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Fig. 70 . — Distribution of climates of the United States. { After Thornthwaiie.) 
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On the basis of these two indices, and with constant reference to plant 
and soil conditions, five moisture provinces have been determined: wet, 
humid, subhumid, semiarid, and arid. Similarly, six temperature provinces 
have been recognized: tropical, meso thermal (hot summers and mild 
winters, as in southeastern United States), microthermal, taiga, tundra, 
and polar. Another distinction is made on the basis of seasonal variations 
in effective precipitation. The notation r is used to indicate climates in 
which a surplus of moisture is available for plant growth throughout the 
year; d designates those climates characterized by moisture deficiency 
throughout the year; and s refers to summer-dry and w to winter-dry 
climates. In this way, climates are identified with reference to three fac- 
tors : PE, TE, and seasonal rainfall distribution. For example, there is a 
subhumid mesothermal summer-dry climate, such as is found in central 
California; a subhumid microthermal climate deficient in moisture 
throughout the year, such as exists in the northern Great Plains; and a 
humid tropical climate with an adequate moisture supply throughout the 
year, which in this country is found only in the southernmost part of 
Florida. In the case of taiga, tundra, and perpetual frost climates, no 
moisture term is used, since the temperatures are so low that they alone 
are of chief significance. The distribution of climates in the United States 
is shown in Fig. 70. 

The applications of this classification are numerous and of practical 
importance. This system, for instance, makes it possible to study the 
climatic fluctuations from year to year in any area. Thorn tliwaite^ made 
such a study with reference to the prol)lein of drought in the Great 
Plains. The Plains region lies mainly along the semiarid and subhumid 
boundary, and therefore even slight variations in climate are critical as 
regards agriculture. The climatic maps for 1910 and 1923 illustrate this 
variability (Pig. 71). In 1910, the Texas Panhandle experienced an arid 
climate, whereas in 1923 it was moist subhumid. Fluctuations of like 
magnitude in the southeastern United States would not be nearly so 
critical, for even in the drier years the PE index would be sufficiently high 
to permit a fair growth of crops. 

Bodman^ has applied the Thornthwaite classification to the study of 
soils, and Halliday'"^ has shown its application to the distribution of vegeta- 
tion in Canada. In numerous instances, the classification has proved 

^ Thornthwaite, C. Warren. “The Great l^lains.’’ Carter Goodrich el aL, “Migration and 
Economic Opportunity.” pp. 202-250. Philadelphia. 1036. 

2 Bodman, G. B. The Forest Floor Developed under Conditions of Summer Rainfall 
Deficiency in a Californian Pine and Fir Forc.st, Am. Soil Survey Assoc. BulL 16, pp. 
97-101, 1935. 

^ Halliday, W. E. D. A Forest Classification for Canada, Dominion of Canada Forest 
Service BulL 89, Ottawa, 1937. 
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directly applicable to agricultural, ecologic, and pedologic problems; and 
because of these relationships, it is a useful tool in solving soil erosion 
and water conservation problems. 




Humid 


Dry 

Subhumid 


Semiarid 


Arid 


Moisi 
Subhumid 

Fig. 71. — Climatic patterns for 1910 and 1923 illustrating the variability in climate in the 
Plains region. (After Thornthwaite.) 


The Relation of Individual Climatic Factors to Erosion 

Precipitation. Through climatic classification, it is possible to 
establish the general setting within which particular soil erosion problems 
must be placed. It is also useful to consider certain specific climatic factors 
in their relation to erosion and conservation. Foremost of these climatic 
elements is precipitation. Since all mechanisms of denudation except wind 
and gravity movements involve water in either the liquid or the solid 
state, there is a very direct relationship between precipitation and erosion. 
The amount of water carried by streams or gullies that cut headward or 
laterally to erode the land is dependent on the amount of precipitation. 
Similarly, the amount of precipitation determines the amount of water 
that can seep into the soil to aid in mass movement or the amount that 
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will flow over the surface to erode the land. The kind of erosion that occurs 
and the amount of soil removed depend largely on the characteristics of 
the rainfall. 

Unfortunately, climatologists have concerned themselves mainly with 
precipitation in terms of monthly and annual means. This has been due 
partly to the fact that data have been collected in such a form that more 
refined statistics could not be readily isolated and partly to the fact that 
these mean quantities have been considered more significant than they 
really are. Actually, such averages tend to mask the true rainfall charac- 
teristics of a particular area. It is the quantitative characteristics of 
individual storms that are related to soil erosion and floods, not average 
quantities. The latter are really only a composite of these individual 
events. For example, two stations may each record 5 inches of precipita- 
tion in a given month; but if one station received this amount in one 
5-hour storm, whereas the other experienced ^5 storms of 0.20 inch each, 
the two situations would be actually quite different. In the area where 
only one storm occurred, the erosion damage will have been much greater 
than in the area where twenty-five 0.20-inch storms occurred. 

Since the storm is the unit with which it is necessary to work, it is 
essential to have detailed information about rainstorm types. Such inves- 
tigations as those now being carried out at the Muskingum Climatic 
Research Center^ will provide the primary material needed. Thus, the 
data from closely spaced rain gages maintained at the Oklahoma Climatic 
Research Center have formed the basis for the detailed study of rainstorm 
morphology.^ The material collected was used in the preparation of 
precipitation maps, both discrete and cumulative, plotted at 15-minute 
intervals from simultaneous observations. For the first time, concrete 
evidence was produced as to the actual degree of ‘‘spottiness” of rainfall 
(Fig, 72). It was strikingly shown that in any given storm, marked 
intensity differences may appear within short distances. Two types of 
storm pattern sequences were recognizable: (Jeneral rains of light to 
moderate intensities seemed to invade an area rather uniformly, whereas 
more intense local storms were characterized by a much more spotty 
distribution, which frequently resulted in high precipitation at two 
stations only 10 to 20 miles apart but left the intermediate area without 
even a trace of rain. 

The recognition of the nature of storms throws a great deal of light on 
the actual storm conditions that produce different flood and erosion 
situations. Storm centers of maximum intensity ai'e relatively small in 

^ Thornthwaite, C. Warren. Microclimatic Studies in Oklahoma and Ohio. Hciencey 
Vol. 86, No. pp. 100-101, Jxdy 20, 1937. 

^ Thornthwaite, C. Warren. The Life History of Rainstorms, progress report from the 
Oklahoma Climatic Research Center, Geog. Rev., Vol. 27, pp. 92-111, 1937. 
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area. Their path is irregular; and where they strike, more damage may be 
done by a single storm than has been caused in several previous years of 
rainfall. For example, the storm of May 22 -^ 4 , 1908, in eastern Oklahoma, 
produced 20 per cent of that year’s precipitation, and those areas affected 
by the storm center suffered the most serious erosion ever experienced.^ 
In this particular year, the rainfall in eastern Oklahoma was almost twice 
the mean annual precipitation; but if the amounts recorded in three 
storms were subtracted, there would have been no excess above the 
average. This instance provides a striking illustration of the statement 
that the individual storms are the true natural units which must be 
considered in any treatment of floods and erosion. 

Serious floods on large watersheds are invariably caused either by 
general storms or by a combination of general and local precipitation. 
The Miami flood of 19132; Pennsylvania floods of March, 1936^; the 
Brazos River flood of 1899^ — all were produced as the result of extensive 
rainfall of long duration. Small basins, on the other hand, are more 
likely to suffer from intense local showers which happen to be centered 
over the drainage area. In one such case near Pullman, Wash., a thunder- 
shower lasting less than an hour and a half removed an average of 0.57 
ton of soil per acre from the watershed, and the loss was ‘‘many Limes this 
amount on the bare, fallow fields.’’^ It is estimated that such local storms 
produce, in the aggregate, more damage than the widespread, more 
spectacular storms. ^ 

Although only detailed rainfall maps can yield a true picture of time- 
area-intensity relationships of any particular storm, much can be gained 
through careful analysis of precipitation records from stations having 
recording rain gages. As a recent study^ has shown, it is possible to 
determine the expectancy of various rainfall intensities and durations and 
the expectancy of periods without precii)itati()n of any given length. Such 
specific climatic elements, critical in soil erosion, can be studied on an 
actuarial basis, and the climatic risk can then be cpianti La lively expressed. 

^ McDonald, Angus. Erosion and Its Control in Oklahoma Territory, U. S. Dept. 
Agr. Miso, Ptih, BOl, 1938. 

2 Houk, Ivan E. Rainfall and Runoff in the Miami Valley, Miami ( V)nservan(;y District 
Tech. llepU.i Pari VIII, Dayton, Ohio, 1921. 

3 The Floods of March, 1930, in Pennsylvania, Pennsylvania Dept. Forests and Waters, 
Div. Hydrography, Harrisburg, 1930. 

Hathaway, Gail E. “Special Report on Hydrologic Bludies for the Possum Kingdom 
Project, Brazos River Basin, to the District Engineer.” U. S. Engineer’s Office, Mineral 
Wells, Tex. 1937. 

® McGrcw, P. C., and Horner, G. M. Soil and Water Conservation Investigations, 
Pacific Northwest Soil C’ons. Kxper. Sta. Pro(/rcse Jlcpf.., 1931--193.7, Pullman, Wash., 1937. 

” Blumenstock, David I. Rainfall Characteristics as Related to Soil Erosion, XJ. S, Dept. 
Agr, 7'cch. Bull. 098, in process. 



CLIMATE AND SOIL EROSION 


191 


Rainfall intensity is closely related to the amount and type of erosion. 
The amount of soil removed by sheet wash and the rate of headward 
gully cutting are largely dependent on the rate of rainfall. Gentle pre- 
cipitation tends to cause mass movement; intense rainfall results in more 
rapid soil removal through the operation of running water. ^ Precipitation 
intensities are highest in summer and lowest in winter over most of the 
United States. Since, however, certain parts of the West Coast receive 
mostly winter precipitation, the generalization does not hold in such 
areas. Also, in the mesothermal subhumid climate of the southern 
prairies region, spring precipitation intensities are of the same order of 
magnitude as those experienced in the summer. It is necessary to know 
the rainfall regime in terms of seasonal intensity variations in order to 
adjust conservation and cropping practices to provide adequate protec- 
tion for the land during those months which are most likely to experience 
high-intensity precipitation. 

Rainfall duration is the complement of rainfall intensity. Together, 
duration and intensity determine rainfall amounts. Since the most intense 
showers are usually local and of short duration, whereas the lighter falls 
are associated with prolonged warm-front general rains, there is a general 
inverse relationship between rainfall intensity and rainfall duration. 
Correspondingly, although intensities are usually highest during summer 
and lowest during winter, rainfall durations are generally shortest in 
summer and longest in winter. Important quantitative differences obtain, 
however, from region to region; and these are particularly important in 
their bearing on the flood hazard. Floods on large watersheds generally 
are associated with rains of long duration, and, in those areas where snow 
melt may contribute to the stream flow, it is essential to know the spring 
rainfall characteristics not only with respect to intensities that may be 
expected but also with reference to rainfall duration. 

Since drought leads to crop failures and consequent soil exposure, and 
since it is impossible to effect erosion-prevention measures without includ- 
ing land-use adjustment in general, the frequency of rainless periods of 
varying length and at different seasons comprises an essential climatic 
index in soil conservation work. The drought problem is, of course, most 
acute in the subhumid and semiarid parts of the country. Dust storms 
and crop failure have called attention particularly to the Great Plains 
region. The eastern portion of the Plains is less subject to drought than 
that part farther west, but this is not the only comparison to be made. 
There are seasonal contrasts also. Along the eastern border, the length of 
rainless intervals is less in spring than in summer, rainfall being moder- 


^ Ireland, H. Andrew, Sharpe, C. F. Stewart, and Eargle, D. Hoye. Principles of Gully 
Erosion in the Piedmont of South Carolina, U. S. Dept. Agr. Tech, Bull. 683 , 1938 . 
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ately reliable during both seasons. Farther west, however, as in the Texas 
Panhandle, spring becomes a particularly hazardous season, whereas 
summer is the most reliable season for precipitation. Such seasonal shifts 
in drought hazard from season to season must be taken into consideration 
in adjusting land-use practices in order to decrease soil erosion. 

Wind. That wind is an active agent of erosion is well-known. How- 
ever, it is customary to think of wind action as being limited largely to 
semiarid and arid regions. Although it is true that the most spectacular 
and widespread evidences of wind scouring and deposition are found in 
these regions, the wet and humid areas also are subject to wind erosion. 
Throughout the world, land without a protective cover is subject to some 
degree of alteration by wind. Soil particles are mixed by shifting or 
swirling air currents; the coarser grains and fragments or clusters of soil 
are driven across open country by a process of rolling or short leaps 
(saltation); the finer material is transported in suspension over long 
distances. Coming to rest, the wind-driven coarser soil particles and 
fragments develop into sand dunes, clay dunes, ^ and vast expanses of 
sandy waste. Even solid rock is sculptured through the action of sand 
blast. 

The effectiveness of wind in causing erosion is dependent on the 
velocity and amount of turbulence and on the degree to which the soil is 
protected. If the land is bare, even winds of low velocity and without any 
appreciable vertical component may remove a great deal of material. If 
the vegetation is profuse, wind velocities must be of hurricane magnitudes 
to produce soil loss. In the Great Plains, wind erosion has been especially 
active and spectacular, because velocities are high, and much soil has been 
exposed through plowing. Drought, particularly in the spring, has added 
to the wind erosion hazard. Under such circumstances, crops have failed 
to mature after planting, and the soil has remained exposed at that 
particular season when velocities are the highest and when turbulent 
movement in the atmosphere is most common. 

Arid regions suffer excessively from wind erosion, because tlic climax 
vegetative types do not offer sufficient protection to the soil. Here, how- 
ever, the process sometimes operates even under natural conditions, 
whereas in such semiarid regions as the Moenkopi Plateau, in northern 
Arizona, the damage is largely the result of the activities of man — in this 
case, overgrazing. 

Wind, then, is potentially an agent of erosion in all climates. Ordi- 
narily, it acts in humid areas only in soil mixing through the moving of 
soil particles short distances along the ground. If the land is bared, how- 
ever, excessive wind erosion may develop. In arid areas, the difficulties 

^ Soil Survey, Cameron County, Texas. Bur. Chemistry and Soils, U. S. Dept, of Agr., 
(Series 1923) No. 17, pp. 552, 506. 
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of combating wind erosion are very great, since it is often impossible and 
always hard to establish an effective, protective, vegetative cover- Al- 
though the problem is most acute in such dry lands, it is everywhere 
potentially present. In any climate, the wind when provided with a bare 
dry soil on which to operate can rapidly impoverish or ruin what ordi- 
narily would be ""good land.’" 

Temperature. Temperature acts in two ways to influence erosion. 
Through its effect on weathering processes, it participates in the prepara- 
tion of material for ready transportation by water, wind, or glaciers. More 
directly, it has a bearing on the rate of movement of soil material down- 
slope through mass movement. 

Both chemical and physical weathering involve the temperature 
factor. Kate of solution and of chemical reactions is directly related to 
temperature, usually being faster at higher temperatures. In the tropics, 
this is evidenced by the profound alterations that the soil undergoes and 
by the depth to which these changes are effective. Deeply weathered soil 
and complex chemical transformations are characteristic of hot, moist 
regions; under similar PE conditions in cold lands, the weathered soil 
mantle is relatively thin because of retardation of solution and chemical 
action. 

Physically, temperature is active in disrupting rock surfaces through 
alternate heating and cooling and through the wedge action of ice formed 
from water in the interstices and joints of the rock. Similarly, with the 
freezing of water in the surface soil, frost heaving occurs and serves to 
loosen the soil so that the particles and aggregates can be more easily 
carried away. 

Temperature operates directly in the erosional process through its 
bearing on mass movement. ""In all heating and cooling of material on 
slopes there is a tendency to greater expansion toward the downhill side 
and greater contraction from the uphill side, this producing a gradual 
downward migration.”^ This action takes place more rapidly in the 
instance of frost heaving on slopes; and although under all circumstances 
the process is a slow one, in the aggregate an appreciable and significant 
amount of material is moved downslope through the influence of 
temperature. 


Climate and Normal Erosion 

It is neither essential nor feasible to check natural geologic erosion, 
but an understanding of what the natural erosion processes are and how 
they operate with varying degrees of effectiveness from one climatic area 

^ Sharpe, C. F. Stewart. ‘‘Landslides and Related Phenomena.” pp. New York, 

1938. 
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to another is necessary in order to recognize man-induced erosion and 
to plan soil conservation measures intelligently. The same mechanisms 
operate in producing both normal and accelerated erosion; certainly an 
understanding of the natural operation of these forces is necessary for an 
appraisal of abnormal situations. “Under natural conditions a partial 
balance exists. The ground is protected by the vegetative cover. Erosion 
is retarded, and topsoil develops, very slowly it is true, but faster than 
normal erosion can carry it away.”^ 

The natural erosion balance varies with the climate. In the wet and 
humid regions where rainfall intensities are high, the ground over large 
areas is well protected by forest. Tree crowns shield the soil from the direct 
impact of falling rain; litter on the forest floor impedes the overland flow 
of water; soils are deep and are capable of holding a large amount of 
moisture. In subhumid lands, tall prairie grasses replace the forests. Such 
cover also serves naturally to conserve the soil through the binding action 
of its roots and through the protection afforded by its foliage. Finally, in 
semiarid areas, short grasses arc highly effective in protecting the soil 
against excessive erosion by wind or water. Under natural conditions, 
it is only in desert areas that the climatic elements are able to function 
with real effectiveness in causing erosion; and even tlien, desert shrubs are 
partially able, through their elaborate root systems, to protect the soil. 

The climatic zone of greatest natural weakness as regards erosion, 
therefore, lies on the drier margins of semiarid climate and within arid 
regions. For although other climatic regions experience rains of higher 
intensities and longer duration, the vegetative cover is oorresi)ondingly 
dense and partially checks these polciitially effective climatic factors. 

Climale and Accelerated Erosion 

Under natural conditions, the vegetation and certain properties of the 
soil itself tend to hold the erosive power of the elehients in check. With 
the stripping of the vegetative cover through the aelivities of man, 
however, the most effective natural safeguard is removed, and accelei'ated 
erosion sets in. In humid climates, this results in the introduction of 
erosion processes similar to those characteristic of arid lands. The gently 
rounded hills normally present in areas of high precipitation tend to give 
way to steeper slopes and sharper angles. Stoei)-wallcd gullies arc intro- 
duced, and wind becomes effective for the first time. 

Although features such as these are formed very slowly in arid regions, 
in humid areas characterized by heavy precipitation these abnormal 
erosion forms develop rapidly once the vegetation havS been removed — 
that is, where adequate preventive measures are not taken. 

1 Sharpe, C. F. Stewart. What is Soil Erosion? U. S. Dept. Agr. Misc, Fuh, 286, p. 1, 
1938. 
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Such activities as lumbering, farming, and grazing may thus shift the 
zone of maximum erosion into humid climates. Potentially, the climatic 
characteristics of humid areas are such that erosion progresses at a 
maximum rate where the land has been bared. Evidence of this is found 
in southeastern United States, where gullying and sheet washing have 
completely removed the topsoil from large areas. This soil took centuries 
to develop under natural vegetative conditions which permitted the 
accumulation of organic matter. A few decades of land misuse have not 
only made further accumulation of this kind impossible but resulted in 
the sluicing away of the exposed soil. 

Since baring the soil allows the climatic elements to operate to their 
fullest capacity, the climatic differential from region to region becomes 
extremely important in considering accelerated erosion. Where rainfall 
intensities are highest and rainstorm durations are at a maximum, 
gullying and sheet washing cause the greatest damage. Similarly, areas 
experiencing high wind velocities are subject to the maximum wind ero- 
sion once natural vegetative checks have been removed. Temperature 
contrasts from region to region will likewise be reflected more sharply in 
the abnormal erosion produced. Where temperatures are high, weathering 
proceeds faster; and under certain conditions, the material may be 
removed with greater rapidity. 

Accelerated erosion is, therefore, an expression of what are normally 
partially latent erosive forces which vary from region to region and are 
expressed in the climatic characteristics of those regions. Maltreatment 
of the land has permitted the forces to operate with abnormal effective- 
ness. The balance can be reestablished only by understanding the nature 
of the climatic forces that must be combated and by appreciating the 
fact that these elements vary so much from area to area that no solution 
of general applicability can ever be found. Each climatic complex offers 
a different problem which must be solved separately. 

Climate and Floods 

The overflow of streams is a natural phenomenon which always has 
occurred and which is responsible for the alluvial soils found along their 
courses. The waterways that nature has provided have led people to 
settle in valleys occasionally subject to flood damage. Thus, man has 
imposed upon himself the problem of controlling the flow of streams by 
building dams and levees. 

In order to carry out flood-protection measures, it is necessary to 
understand the climatic conditions that give rise to floods. Every flood 
that occurs — whether within a large watershed such as the Ohio or within 
one of less than 100 square miles in area — is the result of a particular 
meteorological situation. Floods may result from prolonged rains of 
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moderate intensity or from shorter rains in which the intensity is very 
high. They may or may not involve the melting of snow that has accumu- 
lated throughout the winter months. In certain instances, ice jams may 
be important in causing local flooding through the backing up of water. 

In all situations, the rate of runoff is of critical importance. It depends 
on the rate and duration of pi^ecipitation, the moisture content of the soil, 
the infiltration capacity of the soil, the height of the ground- water table, 
and the amount of surface detention by vegetation or irregularities in the 
ground surface. If the rate of precipitation exceeds the rate of infiltration, 
runoff will occur whether the soil is saturated or not. Similarly, if the soil 
is frozen, surface runoff will most likely take place. 

The flood hazard in an area should be determined not only with refer- 
ence to the amounts, intensities, and durations of precipitation to be 
expected but also with respect to the numerous factors indicated above. 
Soil moisture deficiency depends not only on rainfall but also on the rate 
of removal of moisture from the soil through transpiration and evapora- 
tion. The rate of accumulation of surface waters is associated not only 
with the precipitation rate but also with the soil, slope, and vegetation 
characteristics of the particular basin under consideration. It is important 
to know when the ground is frozen and to consider temperature relation- 
ships, particularly as they affect the melting of snow. 

With all these factors interacting in their influence on floods, it is 
frequently difficult to analyze the flood problem with sufficient precision 
to know with certainty all the steps that may be needed to afford imme- 
diate protection. The problem primarily rests, howcvcx% on the fact 
that climatic conditions arc the pidncipal variables and must always 
receive due consideration in any ixarticular area. The soil and slope 
characteristics of a basin remain fairly constant. After determining the 
runoff characteristics of a watershed, the next step, therefore, is to find 
out what magnitudes of rainfall intensity and duration are to be expected. 
This involves the consultation of past records and an attempt to predict 
what future frequencies will be. Maps of the variations in precipitation 
intensities and amounts to be expected within various periods must be 
prepared for use in planning flood-control measures. Furthermore, specific 
storms that have resulted in floods, such as that in the Miami basin in 
1913, must be studied carefully with a view toward determining under 
just what climatic conditions the greatest flood hazard exists. 

Through the accumulation of climatic records and increased knowl- 
edge of rainstorm morphology, the climatic problems relating to floods 
will, as time passes, become more and more clear. Moreover, since all 
flood conditions are intimately associated with climatic situations, the 
problem of floods and flood control should receive corresponding 
clarification. 



CLIMATE AND SOIL EROSION 


197 


Climate and Its Relation to Conservation Practices 

A conservationist confronted with the problem of planning suitable 
soil-conserving practices for any area must know what accelerated erosion 
has already occurred, wliat constitutes further erosion hazards, how the 
actual and potential conditions can best be combated, and to what degree 
such problems as moisture conservation are also involved. All these 
phases of the general problem must be analyzed from the climatic point 
of view if an adequate solution is to be worked out. 

Although in virtually every area in the United States climatic factors 
have found expression in accelerated erosion forms, it is not to be assumed 
that they have acted to their fullest extent in any climatic region. The 
total climatic hazard must be comprehended so that preventive as well as 
curative measures may be inaugurated. In this connection, it is important 
to appreciate the relationships existing between agricultural practices 
and incipient erosion damage; that is, the climatic risks associated with a 
given type of agriculture must be recognized. Seasonal variations in 
climatic characteristics have a particularly significant bearing on this 
point. In the Great Plains, for example, although wind velocities are 
highest in spring, wind is sufficiently high throughout most of the year 
for soil exposure to constitute a dangerous practice at any time. 

Similarly, in the foothills of the Wasatch Range, although 95 per cent 
of the stream runoff occurs in the spring from melting snow, 85 per cent 
of the erosion damage results from summer thundershowers.^ Here it is 
particularly necessary to remedy those conditions which permit such a 
rapid summer discharge of rainwater. 

In every region, then, the precise nature of the climatic hazard must 
be taken into consideration. The climatic risk must be ascertained by 
studying the agricultural practices and the crop calendar with reference 
to the seasonal variations in this hazard. If the practices are such that 
they permit the climatic elements to operate with maximum efficiency, 
the agricultural program should, where possible, be altered. In any case, 
climatic factors must always receive careful consideration in determining 
what preventive measures must be adopted. 

^ Forsling, C. L. A Study of the Influence of Herbaceous Plant Cover on Surface 
Run-off and Soil Erosion in Relation to Grazing on the Wasatch Plateau in Utah, U. S. 
Dept. Agr. Tech. Bull. 220, 1931. 





Chapter VIII. Infiltration in Relation 
to Runoff, the Erosion Process, and 
the Utilization of Rainfall 


When water comes in contact with sloping land in quantity exceeding 
immediate surface evaporation, part or all of it normally enters the soil 
If the amount exceeds the immediate intake capacity of the soil, the excess 
flows along the surface as runoff, provided impounding obstacles are not 
present. It is the runoff that produces soil erosion. 

Where liberal amounts of water enter the soil, part proceeds downward 
to the ground-water level (water table), frequently beyond the reach of 
ordinary plants; another part, retained within the upper horizons of the 
soil, is partly utilized by plants and Anally lost in the form of transpira- 
tion. Still another fraction is lost as direct evaporation from the ground 
surface. The proportion of the total precipitation that is finally disposed 
of in one or more of those forms (runoff, evaporation, transpiration, 
percolation, absorption) is greatly affected by tlie quantity and intensity 
of rainfall, by the soil type, s]oi)e, kind and density of vegetative cover, 
surface roughness, and such artificial barriers to off ilowage as contour 
ridges, terraces, and water traps, as well as several other factors, such as 
soil and air temperatures and wind velocity. 

Obviously, if it were possible to cause all preeipitational water to enter 
the soil somewhere near its point of contact witli the land, there would be 
no runoff and, therefore, no water erosion problem. Although this is 
commonly impracticable on steep land in regions of high rainfall, never- 
theless one of the first objectives in any comprehensive soil and w^ater 
conservation program is to manage the land so that the largest possible 
portion of the rainfall enters into the body of Llic soil (the pro Ale of soil, 
subsoil, and substratum, as illustrated by Fig. 43, (ffiap. IV, Part 1). 

An indication of the large practical possibilities of soil intake of rain- 
fall is seen in the vast storage space for water that is contained in the soil 
itself. If the water-holding capacity of all soils is assumed to be 33^ per 
cent of the volume (soils not uncommonly have a 50 per cent or greater 
capacity), a 3-foot soil section would contain, if Ailed, 1 % surface inches of 

198 



INFILTRATION IN RELATION TO RUNOFF 199 


water. Even a surface foot of soil would have a theoretical storage 
capacity of around 4 inches. Achievement of water intake up to the 
practical water-holding capacity of a soil will depend primarily on surface 
and subsurface conditions of the land favorable to rapid infiltration; the 
capacity for retention of such infiltered water will depend principally on 
subsurface conditions unfavorable to excessive percolation. 


Water Intalte 

The movement of water from the surface into the soil profile by 
way of openings (natural pores, cracks, root and animal holes, and 
cavities introduced by tillage) is known as infiltration. That part of 
such intake which moves down through the soil and sublayers to the 
water table or to the subterranean water leveP or onward by way of 
porous beds or underground openings to surface outlets, as springs or 
seeps, is defined as water of 'percolation, or gravitational water. In the prac- 
tical sense, percolation very largely has to do with the water that moves 
through openings large enough to favor relatively free flowage by over- 
coming surface tension under the pull of gravity. For the most part, 
water thus passing into and through a soil moves as through a filter, 
leaving behind the suspended material. 

Absorption, or sorption, has to do with that part of the water intake 
which is retained through the direct and indirect effects of capillary or 
molecular forces. As commonly understood, capillary water is that which, 
overcoming gravity, collects, through movement in all directions, in the 
small interstices between soil particles and granules. Much of this is 
available to plants {available soil moisture) where the soil and subsoil are 
sufficiently tractable for the roots to penetrate the material in search of 
moisture. Part of the soil water, apparently, is held as exceedingly thin 
films around or in soil particles with such force (a force on the order of 
molecular attraction) as to be unavailable to plants and incapable of 
moving from particle to particle by capillarity {hygroscopic or unavailable 
soil moisture). For example, a ‘‘bone dry’’ soil in which most plants will 
not live over any considerable period still contains uncombined, yet 
unavailable, water. The dividing line between available and unavailable 
soil water is usually referred to as the wilting point. 

^ See the Occurrence of Ground Water in the United States, U. S. Geol. Survey Water 
Supply Paper 489. Tolman, C. F. “Ground Water.” McGraw-Hill Book Company, Inc. 
New York. 1937. 

® Briggs, L. J., and Shantz, H. L. The Wilting Coefficient for Different Plants and Its 
Indirect Determination, U. S. Dept. Agr. Bur, Plant Industry Bull. 230, 1912. Veihmeyer, 
F. J., and Hendrickson, A. H. Soil Moisture at Permanent Wilting Point of Plants, Plant 
Physiology, Vol, 3, pp. 355-357, July, 1928. 
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Recent studies have shown that the infiltration rate for different soils 
differs widely. For example, tests (Table 20) carried out on Ruston sandy 
loam, a friable, porous soil of the southeastern coastal plain, revealed 
that the infiltration rate averaged 2.06 inches of water per hour for 
3 continuous hours, whereas the corresponding infiltration rate for the 
regionally associated Susquehanna clay loam, a stiff, relatively impervious 
soil, was less than 0.10 inch per hour. Similar wide differences in rates of 
water intake have been found between Davidson clay loam, a friable, 
relatively pervious soil of the southeastern Piedmont (derived from basic 
igneous rocks) and the regionally associated Iredell loam (also derived 
from basic igneous rocks) which has a dense and much less permeable clay 
subsoil. The average infiltration for the former was 0.82 inch an hour over 
a 3“hour period, whereas for the latter the corresponding rate was only 
0.01 inch an hour.^ These measurements were all made on firm, bare 
ground, under comparable initial conditions of soil moisture. Similar 

Table 20. — Infilteation Capacity of Eight Important Soii^s of the 
Piedmont and Coastal Plain Sections of Georgia, over a 
3-hour Period of Continuous Watering following 
Previous Wetting^ 



Depth, 


Amount of infiltration during successive 
time intervals, inches 

Soil 

sux’face 

soil, 

inches 

Location 

0 to 

15 

min- 

utes 

15 to 

30 

min- 

utes 

30 to 

00 

min- 

utes 

00 to 
120 
min- 
utes 

120 to 

180 

min- 

utes 

Total 
for 3 
hours 

Cecil sandy loam 

11 

Watkins- 

0.42 

0,14 

0.23 

0.43 

0.42 

1.65 

Cecil sandy clay loam , . . 

3 

ville 

Watkms- 

0.27 

0.10 

0.19 

0.37 

0.33 

1.20 

Cecil clay loam 

1 

ville 

Watkins- 

0.07 

0.04 

0.03 

0.00 

0.09 

0.28 

Davidson clay loam 

0 

ville 

Monti- 

0.37 

0.18 

0.38 

0.74 

0.79 

2.47 

Iredell loam 

0 

cello 

Lexington 

0.01 

0.00 

0.01 

0.00 

0.01 

0.04 

Ruston sandy loam 

8 

Americus 

0.94 

0.40 

0.91 

1.88 

1.99 

0.18 

Greenville sandy clay 
loam 

3 

Ellaville 

0.20 

0.04 

0.09 

0.12 

0.15 

0.60 

Susquehanna clay loam . 

4 

Ellaville 

0.04 

0.03 

0.05 

0.07 

0.10 

0.29 


^ Each measurement followed a similar 3-hour continuous wetting of the soil 24 hours 
previously. 


^ Musgrave, G. W., and Free, G. R. Preliminary Report on the Determination of Com- 
pfirative Infiltration Rates on Some Major Soil Types, Am. Geophys. Union Trans. 
Part II, pp. 345-*349, 1937 
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dififerences have been found for many other important types of agricul- 
tural land in various parts of the country. 

The importance of these differences in infiltration characteristics is 
seen when it is considered that a rain falling at an intensity of 1 inch an 
hour would be taken up entirely over a 3-hour period by Ruston sandy 
loam under conditions like those obtaining where the foregoing measure- 
ments were made, whereas the same rain falling on Susquehanna clay 
loam under like conditions would produce an average runoff amounting 
to more than 0.90 inch an hour and would normally result in severe 
erosion on unprotected slopes. Such a rain on Davidson clay loam would, 
under the same conditions, cause a runoff of only about 0.2 inch an hour, 
whereas from Iredell loam the water lost as runoff would amount to 0.99 
inch an hour. In considering these differences, it is important to observe 
that the high rates of runoff (meaning low rates of infiltration) were from 
the two relatively impermeable types (Susquehanna and Iredell), whereas 
the low rates of runoff meaning high rates of infiltration were from the 
two comparatively permeable soils (Ruston and Davidson) . 

These variations in rates of infiltration for different soil types are 
closely correlated with (1) total amount of pore space and (2) average size 
of the individual openings. Other things being equal, soils having a large 
combined pore space (cavity), as well as large individual spaces between 
the soil particles or aggregates of particles, have infiltration rates much 
higher than soils whose individual openings are small. By the same token, 
soils of large total pore space have greater capacity for potential water 
storage, provided the individual orifices are not so large as to favor 
excessive percolation. On the other hand, fine-textured soils with large 
potential storage capacity may not be able to avail themselves of such 
capacity because of slow intake due to the small diameter of the individual 
openings, especially where the slope and other surface conditions favor 
rapid runoff. With respect to available moisture,^ however, those dense 
clay soils having exceedingly small pores may contain a small effective 
supply regardless of their high water-retaining capacity, because small 
interstices usually are associated with a soil density that tends to impede 
penetration by plant roots in search of moisture. Such soils are character- 
istically difficult to drain, and in dry weather they tend to crack into 
resistant blocks which become so hard on the surface as to trap the 
contained moisture and so hold it unavailable to plants. ^ 

^ For a discussion of available moisture see Edlefsen, N. E. Effect of Soil Moisture Char- 
acteristics on Irrigation Requirements, Agr. Eng., Vol. 18, pp. 247-250, 1937. 

2 The behavior of the Bayamo clay of Cuba (Bennett and Allison, ‘‘Soils of Cuba’*), 
a noncalcareous, exceedingly dense clay, is illustrative of the tendency of very fine-textured, 
plastic soils to hold their moisture unavailable to plants. Bayamo clay contains more than 
75 per cent of clay particles (85 per cent of which is colloid) . When wet, it is intensely plastic 
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The results of the infiltration tests presented in Table 20 show that 
the term saturated soil^ is not easily defined. It has been used freely in 
appraising ground moisture conditions in relation to runoff where actually 
it had little meaning beyond a general qualitative expression. For 
example, Ruston sandy loam (to which 14.41 inches of water had been 
applied over a 3-hour period, 24 hours previously) was still taking in 
water at a rapid rate following a steady 3-hour application of water in 
amount sufficient to keep the surface covered. The rate of water intake 
by this permeable soil was nearly as rapid toward the close of the test as 
in the beginning: 1.99 inches during the third hour as against 2.31 inches 
during the first hour. 

These measurements of water intake, together with others made in 
other parts of the country, indicate that most soils continue to take in 
water after prolonged periods of rainfall. True, the point of saturation is 
approached in the instance of some soils, but usually infiltration con- 
tinues in some degree under almost all conditions. Precise saturation 
points have not been determined for a sufficient number of soil types 
(if for any) to define the exact conditions under which soils, in place, 
cease to take in water. It appears that hidden openings leading into the 
reservoir of the substrata continue to conduct water into the body of the 
soil under conditions that would seem sufficient to prevent any such 
movement. Frequently, perhaps usually, soils that are frozen or covered 
with what appears to be an impermeable sheet of ice still take in some 
water. This probably means that openings still exist — holes and cracks 
in the ground as well as in the blanket of ice. 

and sticky; but on drying, it cracks widely and deeply, forming liard, resistant blocks 
which, as the result of horizontal fracturing, can he lifted out of position intact. These, 
with their desiccated rind, encase considerable moisture, cut olf from adjacent parts of the 
soil body and so firmly held as to be almost completely unavailable to plants (.sugar cane 
suffering severely for lack of moisture, under such conditions, even where the soil con- 
tains more than 25 per cent of uncombined moisture). The ultimate result of such cracking 
and recracking is to develop, with continuing dry weather, a coarsely fragmental condi- 
tion, resembling somewhat that of the “buckshot” strueture of the extensive Sharkey clay 
of the Mississippi alluvial plain from Cape Girardeau to New Orleans. These fragments 
frequently become so hard as to represent, in that condition, the essential equivalent of 
gravel. On wetting, the soil swells, the clods melt, the ci’acks close, and the entire soil mass 
rims back to its original condition of density. 

Another Cuban clay, the polvillo (powdery) phase of Trufhn clay, which contains 00 
per cent or more of clay in the soil and 85 per cent (80 per cent colloid) in the subsoil, 
forms, on drying, a surface layer of loose material of small, moderately hard pellets with 
dustlike soil between. Such land becomes so exceedingly desiccated with the arrival of the 
dry season of winter (even when containing 20 per cent of moisture at 110°C.) that sugar 
cane parches rapidly, necessitating early harvesting. 

iLowdermilk, W. C. Water Intake of Saturated Soils, Am. Geophys. Union Trans.) 
Part II, pp, 355-3C1, 1937. 
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Effect of Tillage on Infiltration. Soil management practices 
have much to do with rates of water intake. Plowing, cultivation, sub- 
soiling, or other stirring normally increases, temporarily at any rate, the 
openness (combined cavity space) of a soil — the disturbed part — chiefly 
by increasing the size of the cavities. Measurements of infiltration rates 
of cultivated and uncultivated soil of the same kind have shown, for the 
types investigated, that the rate of intake on land plowed 4 inches deep 
averaged 0.99 inch an hour, and 1.20 inches where plowed 6 inches deep; 
as against an intake of only 0.77 inch where there was no cultivation.^ 
The effects of cultivation on soil porosity and infiltration, however, are 
generally transitory, lasting only until the soil settles back, under the 
effect of subsequent rains, to its former condition of density or even to a 
condition of increased density or until the openings are closed with fine 
particles filtered from inflow of muddy surface water. Bradfield says, in 
this connection: 

"Tn many cases from 25 to 30 per cent more soil is crammed into a cubic foot 
than was present in the virgin soil. This has reduced porosity, especially the 
volume of larger pores through which water penetrated readily and through 
which the soil received the necessary ventilation. As a result of these changes in 
structure, root development is hampered, the storage capacity of the soil for 
water is reduced, flood hazard is increased, and the damage from . . . droughts is 
magnified. ’'2 

Beneficial effects of cultivation are likely to be more lasting, within 
certain textural limitations, in those soils which have a relatively low 
content of very fine material (clay and colloid), especially where such 
material is of a plastic or waxy consistence.® On the other hand, loose, 
porous sands obviously are not likely to be especially benefited by artificial 
disturbances, since they generally are too open in the first place, do not 
fracture very much, and tend to settle back rapidly to their former 
condition, except under the drifting effect of wind. 

It is pointed out elsewhere that cultivation frequently tends to reduce 
infiltration by closing up the natural surface openings that lead into the 
body of a normal soil. 

Effect of Organic Matter on Infiltration. When coarse organic 
matter is incorporated with a soil, the porosity remains high for a com- 

^ Musgrave, G. W., and Free, G. R. Some Factors Which Modify the Rate and Total 
Amount of Infiltration of Field Soils, Jour. Am. Soo. of Agronomy, Vol. 28, pp. 727-730, 
1936. 

2 Bradfield, Richard. Soil Conservation from the Viewpoint of Soil Physics, Jour. Am. 
iSoc. of Agronomy, Vol. 29, February, 1937. 

® Bennett, H. H., and Allison, R. V. "The Soils of Cuba.” Tropical Plant Research 
Foundation (Boyce Thompson Institute, Yonkers, N. Y.), pp. 73-74, 152, 315, 318-321, 
1928. 
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paratively long period, depending largely on the rate of decomposition 
of the material. For example, measurements of the infiltration rate of 
Clarion loam, at the Iowa Agricultural Experiment Station,^ have shown 
that where no organic matter was used the intake of rainfall was at a rate 
less than 2 inches in two hours, whereas more than 3 inches of rainfall 
entered the soil in the same time, under comparable conditions, where 
8 tons of manure per acre was plowed in; and 4^ inches, or more than 
twice as much, where 16 tons per acre was applied. 

Similar effects on soil porosity are produced as the result of crop 
rotations, turning under crop residues, growing grasses and legumes, and 
using other methods that increase the soil supply of organic matter.^ 
Work at the West Virginia Agricultural Experiment Station® has indi- 
cated that soils receiving such treatments ordinarily ajre characterized by 
a higher content of relatively large aggregates of soil particles (soil 
granules) than of small aggregates. This means essentially that soils of 
coarsely aggregated structure have larger pores and, consequently, 
greater water intake capacity, as well as greater absorption capacity, as a 
rule. As compared with land under continuous cultivation to clean-tilled 
crops, infiltration measurements have shown generally a higher rate of 
intake for those areas which have been efficiently managed with respect 
to maintenance of the organic supply, as under good pasture practice or 
good crop rotations. 

Effect of Turbidity of Surface Water on Infiltration. The 
infiltration rate of a soil is profoundly affected by the turbidity of surface 
water. Clear water penetrates a soil much more rapidly than turbid 
(muddy) water, as shown by Lowdermilk.^ This is because the suspended 
material of muddy water tends to filter out as surface water enters the 
soil openings, closing them and impeding downward movement. Those 
soils having a considerable proiiortion of their contained colloid (ultrafine 
material) in a flocculated or aggregated condition are much less subject 
to the sealing effect of muddy infiltration than those whose particles are 
deflocculated or separated as individual grains. This is because such 
granular material, as well as the material of soil in good condition of tilth 
or of favorable organic matter content, generally does not enter so readily 
into suspension to produce highly turbid surface water as nongranular 
soil or soil deficient in humus. Turbidity is also of much less importance, 

^ Smith, F, B., Brown, P. E., and Russell, J. A. The Effect of Organic Matter on the 
Infiltration Capacity of Clarion Loam, Jour, Am, Soc. of Agronomy, VoL 29, July, 1937. 

2 Peele, T, C. The Effect of Lime and Organic Matter on the Erodibility of Cecil Clay, 
Soil Sci. Soc. America Proa., Vol. 2, pp. 70-84, 1037, 

^ Browning, G. M. Changes in the Erodibility of Soils Brought about by the Applica- 
tion of Organic Matter, Soil Sci. Soc. America Proc., Vol. 2, pp. 85-9C, 1937. 

^ Lowdermilk, W. C. Influence of Forest Litter on Runoff, Percolation, and Erosion, 
Jour. Forestry, Vol. 28, No. 4, 1930. 
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or altogether lacking, on are§.s having a dense cover of vegetation. Water 
flowing from thickly grassed areas, for example, is frequently essentially 
clear following heavy rains, whereas that from adjacent cultivated land 
is always muddy in some degree. 

Lowdermilk found in the Berkeley Experiment^ that a muddy suspen- 
sion percolates through soil columns at about one-tenth the rate of clear 
water. Four lO-inch soil lysimeters, 10, 11, 12, and 13, were uniformly filled 



waters, 

with samples of a fine sandy loam (Holland series, California). After 
running clear water through the soil columns for one week, a muddy 
suspension ranging from 1.7 to 1.9 per cent silt content was added to 
lysimeters containing soil columns 10 and 11. Immediately, the rate of 
percolation through the columns dropped off, as shown in Graph 23, to 
about one-tenth the rate for clear water. Then, after two weeks of dear- 
water application, the muddy suspension was added to soil columns 12 
and 13. The rates of percolation through these dropped off in much the 
same manner as with the other two columns. But the rate of percolation 
for soil columns 10 and 11 did not increase under the reapplication of 
clear water at the end of two weeks. 

^ Lowdermilk, W. C. Further Studies of Factors Affecting Surficial Runoff and Erosion, 
International Cong. Forestry Proc,^ 19^9. 
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After the experiment, it was found that the soil in suspension had 
filtered out at the soil surface to form a thin layer of fine-textured mate- 
rial, silt and clay, which determined the rate of intake or infiltration of 
water into the soil column irrespective of the capacity of the material 
below the surface for percolation. 

This experiment establishes one of the most fundamental facts in laud 
use. To a considerable degree, it explains why clearing land of its natural 
cover of vegetation and its cultivation creates a special hazard in the 
acceleration of soil erosion under agricultural use. The natural cover 
prevents the formation of soil suspensions by rainwater at the surface; 
the water remains clear, and the rate of intake is maintained at the 
natural capacity of the soil profile. But bare soil surfaces produce muddy 
suspensions under the impact of rain, and such suspensions, as already 
pointed out, tend to seal ofl* the surface, thereby reducing the rate of 
intake of water into a soil. 

The turbidity of runoff from bluegrass and alfalfa grown on dark 
prairie loessial soil of good organic content (Marshall silt loam), at the soil 
and water conservation experiment station near Clarinda, Iowa, averaged 
(over a period of three and one-half years) less than 0.2 pound of sus- 
pended soil per cubic foot as against a turbidity of more than 4.0 pounds 
per cubic foot, or twenty times as much, in runoff from the same kind of 
land on which corn was grown continuously, under the same rainfall. The 
corresponding turbidity of water flowing from areas of the same soil type, 
on which crop rotations were practiced, ranged from 1 to 3.8 pounds of 
soil to the cubic foot, or from five to nineteen times the muddiness of 
water flowing from the densely vegetated lands. From exposed, untreated 
subsoil of the same typo, the runoff from continuous corn averaged more 
than 4.5 pounds of soil per cubic foot; whei’eas from comparable areas, 
also used continuously for corn, the corresponding densities were 2.8 
and 1.6 pounds of suspended mateidal per cubic foot, respectively, where 
(1) green vegetation and (2) barnyard manure were incorporated with 
the subsoil.^ 

Measuring the runoff and erosion from small iffots (3 by 10 feet) of 
Kirvin fine sandy loam of 8f per cent slope and in dry, loose fallow, to 
which application of (1) clear water and light suspensions of (2) fine sandy 
loam (topsoil of Kirvin fine sandy loam) and (3) moderately sandy clay 
(subsoil of Kirvin fine sandy loam) was made, Hendrickson^ obtained the 
following results: 


^ Musgrave, G. W., and Norton, R. A. vSoil and Water ConservaLion Investigations, 
Clarinda, Iowa, Progress Report, 1931-1035, U. S, Dept. Agr. Tech. Bull. 558, 1937. 

2 Hendrickson, B. H. The Choking of Pore-space in the Soil and Its Relation to Runoff 
and Erosion, Am. Geophys. Union Trans., 15Lh annual meeting, pp. 500-505, 1934. 
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Application 

Clear water 

Water plus j&ne sandy loam 
Water plus sandy clay 


Runoffy 

Erosion, 

*er Cent 

Tons per Acre 

4.97 

0.001 

6.79 

0.003 

8.91 

0.705 


In the instances of the fine sandy loam and sandy clay suspension, the 
contained solids filtered out to form thin surface sheets. The clay material 
developed a more impermeable covering which not only increased imper- 
viousness by nearly 100 per cent, as compared with infiltration under the 
dear-water application, but greatly increased erosion (by more than 
seven hundred times in this instance). 

Thus it is indicated that by sealing surface openings, muddy water not 
only reduces infiltration, especially where the suspended material is fine 
textured, but results in marked acceleration of erosion. 

Other measurements made in connection with these studies of the 
effects of muddy water on runoff and erosion on Kirvin fine sandy loam, 
where clean sand was used as the soil medium, showed that fine material 
(silt and clay separately) by sealing over the surface from applications of 
muddy water not only impeded infiltration greatly but reduced, to an 
almost negligible degree, transposition of fine particles to lower depths 
by surface-applied water. 

These and other experiments have shown that the turbidity of surface 
runoff can be greatly reduced by practical farm treatments. Such diminu- 
tion means also, of course, a reduction of soil loss by erosion. 

Effect of Ebosion on Rate of Infiltration. The infiltration rate 
of soils frequently is reduced, also, by the erosion process. Thus, slightly 
eroded Cecil sandy loam (a granite-derived soil with moderately stiff 
red clay subsoil), at Watkinsville, Ga., was found to have an infiltration 
rate of 0.55 inch an hour, as compared with a rate of 0.42 inch an hour for 
an adjacent area of Cecil sandy clay loam, which was more severely 
eroded but otherwise similar. The infiltration rate of near-by comparably 
treated Cecil clay loam, excessively eroded, was found to be only about 
one-fifth as fast, or 0.09 inch an hour. 

As erosion progresses, more impermeable material (dense clay subsoil) 
is eventually uncovered in the instance of many types of soil. This is one 
of the reasons why erosion so frequently is accelerated once the process 
has started. Rainfall usually runs off eroded land more rapidly and in 
larger quantity than from uneroded land and for that reason is more 
destructive. 


Methods for Increasing Infiltration 

Infiltration of rainfall into the body of the soil can be increased in a 
variety of practical ways. For example, some soils peculiarly subject to 
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surface crusting following rains shed water at relatively rapid rates if the 
crust remains unbroken until the next rain. Accordingly, breaking of the 
hardened or compact surface by cultivation is likely to have considerable 



Fia. 73. — The root system of a 
single wild-oat plant, grown free from 
competition and excavated 80 days 
after emergence. Total length of roots, 
54 miles. On decaying, each root 
leaves, at least temporarily, a soil 
tunnel. Some of the tunnels extend 
5 feet into the ground. {Courtesy 
T. K, Pavlycfieuho.) 


effect, temporarily at any rate, toward 
increased intake of water. ^ Subsoiling 
under certain conditions, particularly in 
soils having relatively impermeable sub- 
layers susceptible to fracturing, also 
speeds up the rate of infiltration. The 
breaking up of such material has the 
effect, as noted above, of enlarging the 
openings and, because of this, of in- 
creasing the capacity of the soil to take 
in more water — that is, as long as the 
condition of artificially increased poros- 
ity obtains. 

The total amount of water entering a 
soil is governed to a considerable degree 
by the time available for infiltration. If 
water can be made to move slowly rather 
than rapidly across the land, or if it is 
impounded on the surface, the amount 
of intake is thereby greatly increased. A 
variety of feasible methods are available 
for retarding or, on moderately sloping 
land, even preventing runoff. One of the 
most satisfactory is the use of vegetation 
in complete or partial coverage of the 
ground. As already pointed out, both 
runoff and erosion from sloping land 
densely covered with such vegetation as 
grass, clover, or alfalfa are much less 
than from comparable land under culti- 
vation. Measurements show that surface 
discharge of water from a cultivated crop 
is frequently more than two and one- 


half times, and in some instances several hundred times, that from land 


under such cover as clover, alfalfa, bluegrass, or Bermuda grass. ^ 


^ Harper, Horace J. Soil SLructure and Moisture Movement, Soil Sci. Soc. America 
Proc., Vol. % pp. 15-20, 1937. 

2 Norton, R. A., and Smith, D. D. Effect of Density of Vegetation on. Rale of Runoff 
of Surface Water, paper presented at annual meeting of Amer. Soc. of Agronomy, Chicago, 
Nov, 30, 1937. 
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In addition to the surface effect of vegetation in restraining runoff and 
increasing infiltration, other benefits result from underground effects, 
such as increased organic supply and channels opened by ramifying root 
penetration. Pavlychenko finds, for example, that a single wild-oat plant 
80 days old had a root system totaling 54 miles in length (Figs. 73 and 
74). 1 



Fig. 74. — One crown root from the main root system shown in Fig. 73. Total length of 
this crown root, 4.05 miles. The ground tunnel formed by the main stem of this crown root 
probably is an effective water channel after decay of the root material. {Courtesy T, K, 
Pavlychenko,) 

Forest with a good ground cover of litter or vegetal mold is also highly 
effective in retarding runoff as well as surface movement of soil. 

As noted above, however, another very important effect of both grass 
and forest litter is the low turbidity of runoff and good porosity of the soil 
screened by such effective cover. 

^ Pavlychenko, T. K. The Soil-block Washing Method in Quantitative Root Study, 
Canadian Jour. Research^ Vol. 15, 1937. 
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Other effective methods of retarding surface runoff and increasing 
infiltration, such as incorporation of organic matter with the soil, contour 
furrowing and cultivation, terracing, and strip cropping, are described 
elsewhere. 

Need for Increased Water Conservation in Humid Regions 

Increased infiltration, aside from its powerful effect in reducing runoff 
and erosion, is important throughout the country generally because of the 
dependence of plants on soil water reserves in times of drought. Even 
in the humid regions, deficiencies in soil moisture are the cause of seasonal 
crop deterioration nearly every year on many upland areas. The Atlantic 
seaboard has a rainfall of 40 to 50 inches, yet, during July and August, 
pastures frequently deteriorate or give out, and field crops are 
sometimes seriously damaged because of moisture shortage. Since it is 
ordinarily impracticable to reduce evaporation, such deficiency must 
be made up through water conservation practices — storage in the reservoir 
of the soil during periods of rain. Practical methods for conserving runoff 
or waste water are given elsewhere. 

Relative losses of rainfall, as runoff, percolation, evaporation, and 
transpiration, have been measured carefully for cropped and uncropped 
areas of the important Marshall silt-loam soil of the Corn Belt, at the 
Clarinda, Iowa, soil and water conservation experiment station. Com- 
parisons were made between untreated bare ground and similar areas 
devoted to corn. One comparison was with corn untreated, and another 
with corn that had received an application of manure. The results, 
covering 3f years, are summarized in Table 21.^ 

In the instance of bare ground (no croji), not manured, 14.16 inches of a 
total precipitation of 102.41 inches (14 per cent) for the period passed 
below the root zone (3 feet below surface), 58.78 inches (57.4 per cent) 
evaporated, and 29.47 inches (28,8 per cent) was lost as runoff. At the 
same time, only 5.77 inches passed below the root zone in the untreated 
corn area; 19.16 inches was lost immediately as runoff, and 77.48 inches 
disappeared as evaporation and transpiration. 

From the corresponding manured areas, the runoff from bare ground 
was 8 inches less than from the unmanured bare area, and apx)roximatcly 
8 inches more passed below the root zone. The loss by evaporation re- 
mained substantially the same. At the same Lime, the manured corn land 
lost only 13.2 inches as runoff, and only 10.63 inches passed below the root 
zone. Evaporation and transpiration were about the same from both the 
manured and the unmanured corn areas. 

^ Musgrave, G. W., and Neal, 0. R. Rainfall and Relative Losses in Various Forms, 
Am. Geophys. Union Trans., Part 11, pp. 349-355, 1937. 
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Table SI. — Summary of Bunoff, Amount op Bainfall Passing below Boot 
Zone, and Vapor Loss on a Permeable Soil (Marshall Silt Loam), 

Inches^ 


Type of loss 

Not manured 

Manured 

No crop j 

Cropped 
to corn 

No crop 

Cropped 
,to corn 

Bunoff 

29.47 

19.16 

21.27 

13.20 

Amount passing below root zone .... 

14.16 

5.77 

23.51 

10.63 

Vapor loss 

58.78 

77.48 

57.63 

78.58 


^ Under cropped and uncropped conditions, with and without manurial treatments, at 
Clarinda, Iowa. (Total precipitation 102.41 inches for period of three and two-thirds years.) 


These excessive losses of water from a soil of such good permeability 
as the Marshall silt loam, coupled with an annual precipitation of only 
about 80 inches, show the importance of making the greatest possible use 
of all feasible measures for increasing the penetration of rainfall. The loss 
by runoff and vapor loss of 88.2 per cent of the total precipitation from 
bare ground is a striking indication of what is taking place, probably rather 
generally, on unplowed fallow; and what happens on bare ground is an 
indication that the water losses from cultivated fields are also entirely 
too excessive. If it is assumed that evaporation accounts for half the vapor 
loss from the untreated corn plot of Table 21, then runoff and evaporation 
are responsible for the loss of 58 per cent of the total precipitation. 

Clearly, the practical farmer cannot afford to lose much water as 
runoff. The value of manure, aside from its fertilizing effect, in reducing 
runoff by 8 inches of water becomes obvious when it is considered that 
this amount of rainfall theoretically is more than sufiScient to produce 
40 bushels of corn per acre. 

It is important to understand that those practical soil treatments 
which increase penetration of water into the ground do not cause increased 
losses by evaporation. In bare soils of high permeability, whether natural 
or artificially introduced, most of the water moves downward to the water 
table. But where a crop is grown on such areas, a considerable part of 
such percolating water is intercepted by the plant roots and utilized in 
their growth. On the other hand, in a relatively impermeable soil, whether 
bare or cropped, a much smaller proportion of the water proceeds in the 
direction of the water table, and losses by both runoff and evaporation are 
greater. Thus, improvement in the degree of permeability of a soil has 
been shown to reduce runoff and increase water intake without increasing 
evaporation. In effect, such conservation of rainfall is equivalent to 
increasing the rainfall, in so far as plants are concerned. 
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In general, then, it is important to increase the penetration of rainfall 
into the body of the soil, by whatever practicable means available, for two 
reasons: (1) consequent reduction of runoff and erosion; (2) increase of 
available water for plant growth. 

Although different soils differ markedly in respect to the amount and 
rate at which they take in water, it has been shown that even refractory 
and relatively impermeable soils can be improved vastly in this respect 
by such treatments as the incorporation of organic matter, good cropping 
practices, and good tillage. 





Chapter IX. Relation of Erosion 
to Crop Yields 


‘‘Most of the worn-out lands of the world are in their present condition 
because much of the surface soil has washed away, and not because they have 
been worn out by cropping. Productive soils can be maintained through centuries 
of farming if serious erosion is prevented.’’^ 

In spite of the success achieved in breeding better varieties of corn and 
the increased employment of improved farm machinery designed for more 
efficient tillage, and regardless of the more general use of improved crop 
rotations, lime, and various soil amendments; and, furthermore, in spite 
of all the education provided in the schools of every state and in books, 
bulletins, the press, corn clubs, and farmers^ meetings, with frequent 
prizes for the best producers, the nationwide acreage yield of corn has not 
increased to any important degree in the United States — at least it had 
not prior to the inauguration of the recent nationwide programs of farm 
adjustment and soil and water conservation. When it is considered that 
corn growing has not extended on a very large scale into the less favorable 
environment of semiarid regions and has not suffered from any far- 
reaching, devastating insect or disease scourge, but one conclusion can 
be reached: that, for the nation, erosion has thwarted much of the 
stupendous efforts to increase the acreage yield of the crop in the United 
States. Actually, the per acre yield has increased on the better lands; the 
decrease, or failure to increase, has been restricted principally to soil worn 
lean by erosion. But for the technical and educational assistance provided, 
coupled with replacement of impoverished areas by land still retaining a 
cover of topsoil and by land reclaimed through drainage and irrigation, 
the acreage yield doubtless would have declined much more than it has. 

The average yield of corn in the United States for the ten-year period 
1871-1880, inclusive, was 26.4 bushels an acre, as against 25.0 bushels 
for the period 1921-1930, inclusive (Table 22). That the maximum and 
minimum annual yields through the former period were larger, respec- 
tively, than the corresponding yields for the latter decade seems to 

1 Controlling Surface Erosion of Farm Land, Missouri Agr. Exper. Sta. BulL 211, 
p. 1 , 1924 . 

21S 
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indicate that the two periods are reasonably comparable. Wheat yields 
increased from a 10~year average of 12.6 bushels an acre for the period 
1871-1880 to 14.5 bushels for the period 1901-1910; but for the decade 
1921-1930, there was a slight decline to 14 bushels. The average yield of 
cotton for the 10-year period 1871-1880 was 173.5 pounds an acre, as 
against 156,6 pounds an acre for the period 1921-1930.1 

In numerous localities, the yields of these crops have declined much 
more than these nationwide averages, even to the extent of necessitating 
abandonment of many thousands of fields severely impoverished or worn 
out by erosion, many of them entirely stripped of the more productive 
topsoil, and others gutted with deep erosion channels impassable to farm 
machinery. 

In Illinois, the average yield of corn for the period 1896-1905 was 
36.7 bushels; for 1906-1915, 36.6 bushels; and for 1916-1925, 36.2 
bushels. The average corn yield since 1925, for the five-year period up to 
and including 1930, was 33.5 bushels. This last figure is hardly compar- 
able, because the one year of 1930 turned out only 25.5 bushels an acre. 
During these same ten-year periods, the average yield of oats varied as 


Table -Annual and Average Acre Yields or Corn and Cotton i^^or the 
Decades 1871-1880 and 1921-1930 


Year 

CornA 

bushels 
per acre 

Co Lion, 2 
pounds lint 
per acre 

Year 

Corn, 
bushels 
per acre 

Cotton, 
pounds lint 
per acre 

1871 

27.2 

159 

1921 

28.4 

132,5 

1872 

29.4 

182.3 

1922 

27.0 

148.8 

1873 

22.9 

168.3 

1923 

28.4 

136.4 

1874 

22.2 

157 

1924 

1 22.1 

105.0 

1875 

27.7 

181.2 

1925 

27.6 

173.5 

1876 

26.7 

107.6 

1926 

25.6 

192.0 

1877 

25.8 

170.4 

1927 

1 26.6 

161.7 

1878 

26.2 

167.5 

1928 

26.6 

163.3 

1879 

28.2 

180.5 

1929 

25.8 

164.2 

1880 

27.3 

190.9 

1930 

20.5 

157.1 

Average acre 






yield 

26.4 

172.5 

.... 

25.9 

159.5 

Weighted aver- 






age acre yield 

26.4 

173.5 


25.9 

156.6 


^ Compiled from data published in Agr, 8laiidiaSj U. S. Dept. Agr., 1037, pp. 39-40. 

2 Compiled from statistical data, Cotton Revision, Acreage, Yield and Production, 
1860-1985, Bur. Agr. Econ., 1936, 


^ Agricultural Statistics, U. S. Dept. Agr., 1937. 
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follows: 1896-1905, 33.£ bushels; 1906-1915, 32.2 bushels; 1916-19^5, 
35.4 bushels. For the five years following 19^5, the yield of oats was 31.3 
bushels. In McLean County, the corn yields in five-year averages since 
1911 have been: 1911-1915, 40.8 bushels; 1916-19^0, 40.1 bushels, 
1921-1925, 38.4 bushels; and 1926-1930, 35.4 bushels. It is readily seen 
from these figures of acreage production of corn in Illinois that for this 
period something was reducing the yields faster than improved agricul- 
tural practices were raising them. On those better lands of the state which 
are not subject to erosion and where cropping systems involve the 
application of liberal amounts of limestone and superphosphate, or 
both, yields are being maintained or increased. But on land where sheet 
erosion is active, it will be difficult to maintain the yield, even with the 
best of farming systems, unless those types of farming are employed 
which consistently prevent or decrease loss of soil by erosion.^ 

Measured Yields from Topsoil and Subsoil 

Highly significant quantitative information pertaining to the effect 
of erosion on yield has been acquired at the soil and water conservation 
experiment stations, where, in order to determine the precise effect on 
important types of farm land, the same crop was grown on adjacent areas, 
one with its topsoil, or a considerable part of it, remaining, the other 
stripped of topsoil down to clay subsoil (the B horizon). The same 
variety of crop was grown on each set of contrasting plots, with the same 
number of plants in each and with identical cultural methods applied at 
the same time. Since the slope was identical, and rainfall the same on 
both areas, it appears reasonable to conclude that, for the periods in- 
volved, the results probably are as accurate as scientific technique could 
make them. Moreover, the measurements are considered significant, 
particularly for humid and subhumid conditions, because they were 
made, for the most part, on widely separated types of land carefully 
selected for their representativeness with respect to the erosion hazard 
within problem areas comprising some 200 million acres of land, much of 
it cropland. 

The results of these determinations are presented in Table 23. Where 
the soil has been stripped down to the subsoil level, as erosion has removed 
it from more than 100 million acres of what formerly was fair to good 
cropland, the average production for the 10 types investigated has been 
77 per cent below that of the corresponding areas still retaining a good 
cover of topsoil. With respect to individual types, the maximum decline 
of productivity, as between soil and subsoil, has been from 35.3 to 1.1 

^“The Cost of Soil Erosion, with Control Suggestion.” Illinois Farmers’ Institute, 
Springfield, 111. 1934. 



£16 


SOIL CONSERVATION 


Table 33. — Average Acre Yields from Topsoil and Corresponding Subsoil 
OP 10 Representative Types of Farm Land under Comparable 
Conditions of Slope, Rainfall, and Cultural Treatment ^ 


Type of land 

i 

! 

Soil 

amendment 

Rain- 

fall, 

inches 

Period, 

inclusive 

Crop 

Average yield 

[ De- 
cline 
in 

yield, 

per 

cent 

Topsoil ^ 

Subsoil 

Houstonblackclay, 


26.56 

1931, 1934 

Corn 

36.8 bu. 

2.9 bu. 

89 

4% slope, Tex. ' 

None 

38.95 

1932, 1935 

Oats 

60.6 bu. 

22.5 bu. 

63 



32.76 

1933, 1936 

Cotton^ 

288 lb. 

102 lb. 

64 

Marshall silt loam, 



1932 to 





9 % slope, Iowa . 

None 

27.3 

1935 

Corn 

30.7 bu. 

6,5 bu. 

79 

Clinton silt loam, 



1933 to 





16% slope, Wis. 

None 

32.6 

1934 

Corn 

49.3 bu. 

21.2 bu. 

57 

Muskingum silt 



1933, 1935, 

Corn 

85.3 bu. 

1.1 bu. 

97 

loam, 13% slope, 

None 

39.5 

1936 

Stover 

4.258 lb. 

510 lb. 

88 

Ohio 








Palouse silt loam, 



1932 to 

Winter 




30% slope, Wash. 

None 

21.7 

1935 

wheat 

23.9 bu. 

7.2 bu. 

70 

Colby silty clay 




Winter 




loam, 5 % slope. 

None 

19,9 

1931, 1935 

wheat 

12.5 bu. 

5.3 bu. 

58 

Kans. 








Kirvin fine sandy 

None 



Cotton 

365 lb. 

60 lb. 

86 

loam, 8.75% 

400 lb. 4-8-4 

40,6 

1931 to 





slope, Tex. 

fertilizer 


1934 

C.otton 

580 lb. 

206 lb. 

65 


None 

41.0 

1931 to 

Cotton 

808 lb. 

13 lb. 

96 




1934 





Nacogdoches fine 

400 lb. 4-8-4 







sandy loam, 

fertilizer and 

34.4 

1936 

Cotton 

460 lb. 

130 lb. 

71 

10 % slope, Tex, 

green manure 







Cecil sandy clay 








loam, 10 % slope, 



1932 to 





N. C. 

None 

46.1 

1034 

(.Cotton 

950 lb. 

290 lb. 

69 

Vernon fine sandy 

None 

30.9 

1929 to 

Cotton^ 

169 lb. 

96 lb. 

39 

loam, 7,7 % 



1936 





slope, Okla, 

Virgin soil 

33.1 

1930 to 

C-oLton 

496 lb. 

313 lb. 

37 




1935 





Average decline 







77 









1 Measurements at soil and water conservation experiment stations, Soil Conservation 
Service. 

2 Lint cotton; other cotton yields relate to the unginned product (“seed cotton”)* 


bushels of corn per acre (97 per cent reduction), in the instance of 
Muskingum silt loam, and the minimum decline has been from 495 to 
313 pounds of seed cotton an acre (37 per cent reduction) on Vernon fine 
sandy loam. 
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Table 24 shows the comparative annual yields for the contrasting 
conditions of topsoil and exposed subsoil for three types of land used, 
respectively, for corn, cotton, wheat, and summer fallow. 

Effect of Fertilization on Productivity of Eroded Land. In 
the humid parts of the country, all other things being equal, yields from 
land treated with fertilizer will run generally higher than from areas not 
so treated. In this connection, however, it is instructive to observe (Table 
25) the effects on cotton yields produced by the application of 400 pounds 
per acre of 4-8-4 fertilizer on two plots of Kirvin fine sandy loam (one with 
a cover of topsoil and the other with the subsoil exposed), near Tyler, in 
east Texas. Although the average per acre yield was increased by the 
application of fertilizer in both instances, it will be noted that the average 
subsoil yield, even after fertilization, was still 43 per cent less than the 
yield from unfertilized topsoil. When cotton was grown on Cecil sandy 
clay loam, one of the most important soils of the southern Piedmont, the 
yield from fertilized subsoil was 20 per cent below that from the corre- 
sponding unfertilized topsoil. The yield of corn on unfertilized topsoil' of 
Muskingum silt loam, in southeastern Ohio, was twenty times the yield 
from the corresponding subsoil, even where it was fertilized. 

Similarly, the subsoil of the Nacogdoches fine sandy loam, on the same 
Texas farm, produced cotton at an average per acre yield 71 per cent 


Table 24. — ^Annual Yields from Topsoil and Correspondino Subsoil op 
Three Types op Farm Land^ 


Type and location 

Rain- 

fall, 

inches 

Year 

Crop 

Yield per acre 

Decline 
in yield, 
per cent 

Topsoil 

Subsoil 


/I8.42 

1933 

Corn 

60.9 bu. 

0.9 bu. 

98 

Muskingum silt loam, 

)25.0 

1934 

Corn 

26.3 bu. 

Very small 

99* 

12 per cent slope, Ohio 

J41.3 

1935 

Corn 

28.0 bu. 

2.3 bu. 

i 92 


i ^9,1 

1936 

Corn 

17.0 bu. 

0 bu. 

100 

Kirvin fine sandy loam, 

1/36.1 

1931 

Cotton 

490 lb. 

20 lb. 

96 

8.75 per cent slope. 

iUe.Y 

1932 

Cotton 

220 lb. 

50 lb. 

77 

Texas 

1 144.3 

1933 

Cotton 

510 lb. 

90 lb. 

82 


1 ^35.2 

1934 

Cotton 

240 lb. 

40 lb. 

83 


i /30.0 

1933 

Wheat 

44.4 bu. 

8.9 bu. 

80 

Palouse silt loam, 30 per 

U9.7 

1934 

Fallow 




cent slope, Washington 

114.6 

1935 

Wheat 

51.3 bu. 

20.0 bu. 

1 61 


n4.5 

1936 

Fallow 





^ Measurements at soil and water conservation experiment stations, Soil Conservation 
Service. 

® For July to December, inclusive, only. 

* Estimated. 
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below the yield obtained from the corresponding topsoil, where both soil 
and subsoil were treated with 400 pounds of 4-8-4 fertilizer per acre. 


Table 25 , — Average Acre Yields from Fertilized and Unfertilized 
Topsoil and Corresponding Subsoil of Three Important Types 

OF Farm Land^ ^ 




Rain- 

fall, 

inches 



Average yield, 
topsoil 

Average yield, 
subsoil 

Type and 
location 


Years, 

inclusive 

Crop 

Not 

fertilized, 

pounds 

Fertilized, 

pounds 

Not 

fertil- 

ized, 

pounds 

Fertilized, 

pounds 

Kirvin fine 
sandy loam, 

1 

j 40.52 

1931 to 1934 

Cotton 

365 

580 

50 

206 

8.75 %slope, 

( 

140.82 

1931 to 1936 

(h)tton 


507 


176 

Texas 

Cecil sandy 
clay loam, 

i 

i 40.44 

1932 to 1934 

Cotton^ 

950 

1,123 

290 

759 

10% slope, 

5 

151.40 

1935 to 1936 

Cotton^ 


023 

50 

774 

North 
Carolina 
iVTuskingum 
silt loam, 
12% slope, 
Ohio 


41.40 

1935 to 1936 

Corn 

Stover 

22.5 bu. 
2,487 lb. 

28.0 bu.| 
2,750 lb. 


1.1 bu. 
525 lb. 


1 Measuremenls at soil and water conservation experiment stalions, Soil Conservation 
Service, 

2 Nonfertilized cotton was continuous; the fertilized topsoil received green manure. 


These results indicate that, for Lhe soils LcsLcd, erosion drives down 
the productivity of land violently, reducing it, at the stage marking com- 
plete removal of topsoil, to a condition whei*c ordinary methods of soil 
building generally fail by a wide margin to restore the productiveness of 
the depleted land. It should be observed further in this connection that 
erosion does not stop at the stage of topsoil removal; on the contrary, it 
usually speeds up at that stage of planation, cutting away the subsoil 
to expose eventually the deep-lying raw parent material (C horizon), 
which usually is less productive than any of the layers above: 

Comparative Productivity op Topsoil, Subsoil, and Substratum Material 
OF Cecil Sandy Loam, near Spartanburg, S. C., 1930 

Average Yield 'per Acre, Reduction in Yield, 


Degree of Erosion Pounds Seed Colton Per Cent 

Surface soil (A horizon) 1,609 

Subsoil (B horizon) ^34 85.4 

Substratum (C horizon) 74 95.4 
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It is true that the subsoil of some types of land is much more produc- 
tive, relatively, than that of other types, as shown in Table 23 ; but iu 
most instances, if not all, the exposed subsoil is less productive than the 
surface soil that once covered it. Lowering of the productivity level as the 
result of severe erosion seems to be more pronounced in the humid region 
than in arid and semiarid areas. Unfortunately, the subject has not been 
investigated adequately for the low rainfall areas, ^ but field observations 
have shown that grass will return on erosion-exposed subsoil of some types 
of dry land soil at a surprising rate where the land is protected from heavy 
grazing. This may be due in part to less severe soil leaching in regions of 
light precipitation and the consequent more favorable supply of plant 
nutrients; it may be partly due, also, to differences in the effects of the 
activities of microorganic life in some of the soils of low annual rainfall 
areas, as compared with soils of more humid areas. 

Although it is true that the productivity level of erosion-exposed 
subsoil can be raised very materially through the use of fertilizer, manure, 
green manure, and crop rotations, perhaps up to or, in some instances, 
even above the productivity of the original topsoil (especially in case of 
some of the more leached sandy soils), field observations throughout the 
nation indicate that, for the more important types of farm land, subsoil 
yields generally cannot be made to equal those of the virgin soil by any 
practical type of farming. Similar treatment of comparable areas of 
exposed subsoil and of land retaining a reasonable depth of topsoil will, 
with very few exceptions, maintain the productivity level of the latter well 
above that of the severely eroded areas, as indicated by the results shown 
in Table 25. 

In 1931, comparative acreage yields of oats produced in adjacent areas 
of Shelby loam, one with the soil intact, the other with subsoil exposed 
(at the Bethany, Mo., soil erosion experiment station), were as follows: 

Yield 

On Topsoil, On Subsoil 


Treatment Bushels Bushels 

None 37,0 9.8 

Lime, superphosphate, and manure 41.2 19.8 


In other words, the exposed subsoil, although limed and liberally 
supplied with superphosphate and manure, produced under identical 
conditions of slope, rainfall, and cultural treatment only a little more than 
half as much as the untreated topsoil. 

A further important consideration from the standpoint of economy is 
that erosion-exposed, raw subsoil clay is more intractable than the humus- 

^ Porsling, C. L., A Study of the Influence of Herbaceous Plant Cover on Surface 
Runoff and Soil Erosion in Relation to Grazing on the Wasatch Plateau in Utah, U. S. 
Dept. Agr. Tech, Bull. 220 , 1931 , 
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enriched, mellow layer that once overlaid it and for this reason is more 
difficult and expensive to till. The cost of fertilizer, manure, and green 
manure used to replenish the productivity of severely eroded land is a 
matter of no small economic importance to those who cultivate erosion- 
impoverished land. 

Cause of Reduced Productivity of Severely Eroded Land 

Among the more important apparent causes of the relatively low 
yields obtained from erosion-exposed subsoil are: deficiency in organic 
matter, impaired structural efficiency, and reduced availability of mois- 
ture and plant nutrients. 

Table ^6 shows the low content of organic matter and nitrogen in 
erosion-exposed subsoil of a number of important types of farm and graz- 
ing land, as compared with the topsoil of corresponding types collected 
from near-by virgin areas or land only slightly eroded. It will be observed 
that the content of organic matter is higher in all the samples of topsoil 
and much higher in many of them, the average being 4.3 per cent for the 
uneroded and 1.0 per cent for the eroded. Similarly, the content of nitro- 
gen in the samples for which this constituent was determined averages 
0.24 per cent for the soil as against only 0.00 per cent for the subsoil. 

There is considerable evidence that available plant nutrients, other 
than nitrogen, also run higher in the layer of naturally conditioned topsoil 
than in the unconditioned (less weathered) raw material of tlic subsoil. 
Beyond this, the availability of both plant nutrients and moisture con- 
tained in mellow topsoil, easily ])cnctrate(l by rootlets and root-Iiairs, 
exceeds that in freshly exi)osed subsoil material, especially clay subsoil 
too tough for easy penetration by roots. 

Eroded and uneroded Kirvin fine sandy loam used for cotton in 
adjacent areas at the Tyler, Tex., erosion station, carried practically the 
same amount of moisture as an average throughout Llie year- -24.5 and 
24.2 per cent, respectively, for the 6-foot profile. During a late summer 
drought, however, the area with topsoil retained carried 2/5.6 p(ir cent as 
against 20.8 per cent for the exposed subsoil. Tlxat the yield of cotton on 
topsoil was at the rate of 400 pounds an acre, as compared witJi only 
20 pounds an acre on subsoil, indicates that under the conditions of more 
favorable structure, organic supply, and probably other factors, the 
uneroded soil had a much better reserve of available moisture for the 
exigencies of drought. 

At the beginning o£ the 1031 growing vseason on May 13, at Ike Red 
Plains soil and water conservation experiment station near (luthrie, 
in central Oklahoma, an area of virgin soil — Vernon fine sandy loam — 
planted to cotton, contained approximately the same amount of moivSture 
as an adjoining area from which the topsoil had been removed, that is, 
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15.08 and 15.38 per cent, respectively; but at harvest time, Sept. 1, the 
virgin soil contained 5.91 per cent of moisture, and the exposed clay 


Table ^6. — Effect of Erosion on Organic Matter Content of 1^ Important 
Agricultural Soils Originally Identical or Nearly So 


Soil and location 

Unerodedi 

j Eroded 

1 

Depth, 

inches 

Condition 

1 1 

i Or- 
i ganic 
mat- 
ter, 
per 

cent 

Nitro- 

gen, 

1 

per 
cent ! 

Depth, 

inches 

Condition 

Or- 

ganic 

mat- 

ter, 

per 

cent ' 

Nitro- 

gen, 

per 

cent 

Carrington gravelly loam, Rice 

1 

' to 9 1 

Forest, 2 gr. 

8.0 

0.39 

Oto 9 

Cultivated, 

2.8 

0.13 

Co., Minn. 


loam 




gravelly 









sandy loam 



Carrington loam. Rice Co., Minn. 

0to4 ' 

Grass, loam 

5.0 

i 0.21 

Oto 8 

Cultivated, 

2.7 

0.08 


1 





clay loam 



Palouae silt loam, Whitman Co., 1 

0 to 16 ' 

Cultivated, 

3.4 

j 0.18 

0 to 5 

Cultivated, 

1.4 

0.10 

Wash. 

1 

silt loam 




silty clay 









loam 



Shelby loam,^ Nodaway Co., Mo. 

0to7 

Virgin 

4.3 

0.19 

0 to 5 

Cultivated, 

1,3 

0.06 



hardwoods 




clay 



Manor silt loam, York Co., Pa. 

0to9 

Hardwoods 

5.3 


1 0to4 

Cultivated, 

0.2 








clay loam 



Dekalb silt loam, Meigs Co., 

0to6 

Virgin pine- 

5.7 


Oto 7 

Second- 

1.1 


Tenn, 


hardwoods 




growth 




! 





pine, clay 









loam 



Dutchess gravelly loam, Dut- 

0to7 

Virgin 

6.2 


Oto 4 

Abandoned 

0.2 


chess Co., N. Y. 


hardwoods 




clay 



Frederick silt loam, Washington 

0to3 

Virgin 

3.0 


Oto 3 

Pasture, 

0.2 


Co., Ind. 


hardwoods 




clay 



Susquehanna silt loam, Marengo 

0 to 4 

1 Virgin pine 

2.6 


0 to 4 

Cultivated, 

0.4 


Co.. Ala. 


, and hard- 

i 



clay 





woods 





1 


Mountain gravelly sandy loam. 

1 OtolO 

Brush, grass, 

j 1.4 


Oto 10 

Brush, over- 

0.4 


Garfield Co., Utah 


grazed, 




grazed, gr. 





gravelly 




sandy loam 





' sandy 

1 


i 






1 loam 


1 


1 



Boone loamy fine sand, Jackson 

Oto 10 

Forest, 

2.3 


Oto 10 

Cultivated, 

0.6 


Co., Wis. 


loamy fine 


1 


loamy fine 





sand 


i 


sand 



Hays silt loam, Rooks Co., Kans. 

0 to 6 

Grass, silt 

i 4.1 


Oto 6 

Cultivated, 

0.6 




lo{ftn 


1 


clay loam 

i 


Average 



4.3 

0.24 1 



1.0 ' 

0.09 


i 


1 







1 Uneroded or only slightly eroded. 

2 0— mcliea consists of forest mold containing 23.7 per cent organic matter and 1.15 per cent nitrogen. 

3 Average of two samples. 


subsoil 7.1^ per cent. The fact that the former produced 16^ pounds of 
cotton per acre, as against only 98 pounds from the subsoil, indicates that 
moisture consumption by the much heavier vegetative growth on the 
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virgin soil was considerably greater than on the area representing severely 
eroded soil. 

This kind of plant behavior under the sharply contrasting environ- 
ments of eroded and uneroded soil has been observed on numerous com- 
parable areas at the soil and water conservation experiment stations 
throughout the country. It is also an obvious characteristic that can be 
seen over the country by comparing plant growth on vast areas and 
numerous kinds of eroded and uneroded (or slightly eroded) land, 
originally the same (Fig. 75). That plant growth is almost universally 



Fig. 75. — Good cotton on slightly eroded flat limestone soil and almost complete failure 
of cotton on eroded slope (foreground) of soil that originally was the same. Floyd ('ounty, 
Georgia, October, 1980. {Photograph hy Hoil Conservation i^ervioe.) 


inferior on severely eroded land, where clay subsoil is exposed, is un- 
doubtedly due, in a large measure, to the fact jireviously pointed out that 
a smaller proportion of the moisture rigidly fixed in the smaller interstices 
of clay is available to plants than of that contained in the larger cavities 
of loamlike, easily penetrable topsoil. In other words, the moisture 
efficiency of a soil, which obviously has so much to do with prodiictivily, 
depends, to a large degree, on the stnictural efficiency of that soil. Struc- 
tural efficiency, as pointed out in ‘'Effect of Structure” (Chap. VI, 
Part 1), depends on such soil characteristics as lextux'C, content of organic 
matter, character of colloids, and porosity. 

Another interesting example of the plant-moisture relationship under 
the contrasting conditions of topsoil and subsoil is that of measurements 
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made on Houston black clay in central Texas, at the Temple soil and 
water conservation experiment station. In 1931, with a light rainfall, the 
uneroded black clay surface soil at the beginning of the crop season (corn), 
on Apr. 10, contained 28.5 per cent of moisture as compared with only 
16.8 per cent in the adjacent area of exposed subsoil (humus-free, light- 
colored chalky limestone and clay). The moisture in the uneroded soil 
continued to exceed that contained by the exposed subsoil through the 
growing season until about the time the corn began to mature, when the 
moisture supply of the former area dropped below that of the sub- 
soil in the proportion of IS. 8 to 15.9 per cent. The fact that the 
uneroded soil produced several times as much corn as the subsoil area 
probably largely explains the reversal of the moisture situation toward 
the end of the season, where again the heavier vegetative growth drew 
more heavily on the supply of available moisture. Here, too, the higher 
structural efficiency of the topsoil apparently had much to do with the 
greater availability of water when needed.^ 

Shift from Land Impoverished by Erosion 
to More Productive Land 

The yield of a given tract of cultivated land at a particular time is a 
more accurate measure of its productivity than average per acre yields of 
all the land within an area comprising important variations of soil and 
soil conditions. As already noted, acreage yields may be maintained or 
increased through abandonment of fields worn lean by continuing erosion 
or by shifting crops from less to more productive land. 

Maintenance of average yields per acre through removal of poor land 
from production is illustrated by the results of investigations carried out 
in South Carolina.^ 

There was a decrease in the cotton acreage for that state from an 
average of 2,728,000 acres for 1912-1916 to an average of 1,415,000 acres 
for the period 1932-1936. In view of an increase in acreage yield from 215 
pounds for the former period to 251 pounds for the latter, the indication 
is that much of the land removed from cultivation was of inferior 
productivity. 

Several million acres of land in the rolling parts of the Southeast that 
formerly produced good cotton have been forced out of production 
because of severe erosion; most of it is either so infertile as to be practically 
worthless for further cultivation or so badly dissected with gullies that 

^ Soil Erosion, a National Problem, unpublished paper presented before the 3d South- 
west Soil and Water Cons. Conference. Fayettesville, Ark., 1932, by H. H. Bennett. 

2 Fulmer, J. L. A Statistical Study of Agricultural and Related Trends in South Caro- 
lina, South Carolina Agr. Exper. Sta. Bidl. 312, 1937. 
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plowing is a physical impossibility. Yields per acre, however, have been 
fairly well maintained for the whole section. Retirement of the depleted 
areas in favor of land still retaining a part or all of its topsoil has made 
this possible. 

In Ohio, the average acreage yield of corn for the period 1920-1929 
was practically the same as that for the decade 1870-1879. The acreage of 
corn declined by 20 per cent during this period in five counties in the 
southeastern section of relatively low-producing shale and sandstone land, 
but the area used for corn increased by 393 per cent in five counties of the 
rich glacial land in the northwestern part of the state. 

It is therefore necessary to know what shifts in land use have been 
made in order to evaluate correctly acreage yields for large areas. 

Influence of Improved Cultural Technique on Crop Yields 

Many factors other than the level of soil productivity have a bearing 
on maintenance of yields. As observed above, improvement in varieties 



Fia. 7C. — Soil-improving rotations are indneive to increased crop yields. Maryland. {Photo- 
graph by Soil Conservation Service,) 


and strains of crops has been an oustanding scientific achievement of the 
past 50 years. Spread of soil-improving rotations (Fig. 76) and increased 
use of seasonal crops and soil-building legumes have contributed much to 
the stability of nation-wide yields, as have improved techniques and 
increased activity in the control of insect pests and plant diseases. 

In 1879, with 223 million acres of improved land tilled {including 
fallow and grass in rotation) y farmers of the nation spent more than 
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000,000 for about a million tons of commercial fertilizer; fifty years later, 
with 41S million acres of cropland, expenditures for the 7,500,000 tons 
of fertilizer used amounted to $371,000,000. North Carolina increased its 
expenditures for fertilizer seventeen times and its tonnage nearly sixteen 
limes from 1879 to 1939 (from $3,000,000 to $34,000,000; from approxi- 
mately 71,000 to 1,107,000 tons), but the cropland area increased by only 
18 per cent (from 5,936,000 to 7,010,000 acres). ^ 

In many localities, artificial drainage of land formerly too wet for 
cultivation by reason of swampiness or overflow has to a considerable 
degree relieved the stress on eroding upland fields. Large areas of rich 
alluvial land have been brought into use in many parts of the country, 
notably along the lower Mississippi alluvial plain and numerous stream 
bottoms throughout the humid sections of the Mississippi Valley. 
According to the Census (1930), irrigation has turned some 19 million 
acres of formerly unproductive dry land to productive use, with yields in 
many instances exceeding those of virgin areas within the humid belt. 

Marked improvement in farm machinery designed for more efficient 
tillage, seeding, placement of fertilizer, and distribution of manure, 
together with increased use of such machinery, have contributed to more 
efficient yields, as have various other cultural practices. The effects of 
these advances are not easily measurable, but there is no doubt that the 
combined effect of all elements of technical agricultural progress has aided 
greatly in the maintenance of yields over the last half century. 

Obviously, yields should have increased much more than they have, 
if erosion had not cut so deeply into the productivity level of a vast 
aggregate area. In this connection, R. M. Salter, R. D. Lewis, and 
J. A. Slipher say^: 

‘^Certainly ... all of these changes and improvements should have raised 
acre-yields considerably — ^how much, it is difficult to say exactly, but we believe 
an increase of 40 to 60 per cent would have been conservative. . . . There can 
be but one explanation for the stubbornness with which acre-yields have resisted 
the farmer's efforts to improve them. The natural productive capacity of the 
land has been deteriorating at a rate almost fast enough to offset all these improve- 
ments in soil and crop management. With every step ahead we have slipped back 
almost if not quite as far.’’ 

^ All these data, except the fertilizer tonnage figures for 1879, are from the Tenth 
Census of the United States, 1880, and the Fifteenth Census of the United States, 1930. 
The fertilizer tonnage figures for 1879 are based on estimates made by the National 
Fertilizer Association of Washington, D. C. 

2 Our Heritage, Ohio Agr. Exper. Service Bull. 175, p. 5, 1936. 





Chapter X. Relation of Erosion 
to Vegetative Changes 


One of the most conspicuous effects of the violent soil changes pro- 
duced by accelerated erosion is expressed in the altered responsiveness 
of the land to plant growth. 

Bodily, progressive soil washing strii)s off the most productive part 
of the land— the humus-charged, spoiigclike layer, with its host of micro- 
organisms and relatively high content of readily available plant nutrients. 
In place of the original topsoil characterized by optimum conditions of 
humus supply, mellowness, granulation, and openness or permeability, 
such as favor infiltration of rainfall, conservation of moisture, and ready 
penetration by fibrous plant roots seeking moisture and food, raw subsoil 
of opposite, or nearly opposite, characteristics is exposed at the surface. 
Such freshly exposed material is of much lower organic-matter content; 
usually it contains more clay and is stiffer (dense and ienaceous), less 
absorptive of rainfall, and much more subject to running together, baking 
(hardening), cracking, and desiccation. Erosion thus replaces favorable 
soil with unfavorable subsoil, to create a new plant environment. As a 
result, the original type of vegetation is markedly or completely altered 
over millions of acres of grazing land and abandoned or idle farm land.^ 

Such change in the vegetative responsiveness of the soil is not only 
of interest as a geographic and ccologic problem but of great economic 
importance in relation to the productiveness of forest and range land 
and to hazards of floods ami sillation. 

Relation of Soil to Vegetation 

Soil type exerts marked influence on vegetative eharacterisLics, be- 
cause of the varying adaptive factors involved. For example, blueberries, 
slash pine, and some varieties of azalea do best on moist sandy soils of 
acid reaction, whereas black walnut, redbud, and alfalfa prefer well- 
drained soils of neutral or alkaline reaction. Such edaphic characteristics 
pertain not only to plants in their natural environment but to many of 

^ Bennett, H. II. Cultural Changes in Soils from the Standpoint of Erosion, Jour, Amer, 
SoG. of Agronomy^ Vol. 23, June, 19*31. 
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the ordinary farm crops as well. For instance, certain varieties of sugar 
cane grown in Cuba that thrive on deep moist soils give poor yields on 
dry shallow upland (as POJ 2878), whereas other varieties, giving but 
indifferent yields on the same moist soils, get along nicely under the 
environment of shallow, droughty soil (as POJ 2727). 

This profound effect of soil character on plant growth is strikingly 
revealed in many of the well-drained cane fields of the Caribbean Islands, 
On certain upland areas, the plants remain green and continue to grow 
throughout the dry season, normally of five to six months" duration, 
whereas those of the same variety on adjacent areas of markedly different 
soil parch, stop growing, or die. Examination of these areas invariably 
reveals that the green fields are on mellow soil, usually rich in lime and 
humus, such as retain favorable supplies of moisture throughout the 
dry period; the fields of dormant or dead plants, on the other hand, in- 
variably are restricted to soils which, though occupying the same degree 
of slope and receiving the same rainfall and cultural treatment, lose their 
available moisture soon after cessation of the rains. Here, soil character 
is sufficiently potent in its relation to growth of sugar cane (and a number 
of other crops) to maintain the equivalent of a humid climate within a 
temporary desert area.^ 

Exactly the same behavior may be witnessed in the corn, wheat, and 
cotton fields of America, especially where severely washed, soil-stripped 
land is associated with land still retaining its topsoil or a considerable 
part of it. Almost invariably, crops growing on erosion-exposed subsoil 
suffer much more in dry weather than those growing on uneroded soil. 
This is particularly true of the more succulent plants, as corn, vegetables, 
and melons. Unquestionably, the difference is the result of (1) deficiency 
of effective moisture (moisture available to plants) and (2) deficiency of 
readily available plant nutrients in the areas of exposed raw clay. 

If soils differ in their virgin condition sufficiently to affect plant 
growth to the extent of counterbalancing an environmental factor equiva- 
lent to the difference between a humid climate and a desert climate, such 
as can be seen in the sugar-cane fields of Cuba every year, even on freshly 
cleared forest land, what, then, is to be expected when the original differ- 
ences between two such soils are still further increased by the complete 
removal of that part of one of them, the humus-charged topsoil, which 
(of all the soil layers from the surface deep into the subsoil) most nearly 
matches the corresponding layer of the other type, and which (of all 
the layers) normally has the greatest capacity for manufacturing available 
plant food.P In other words, soils whose responsiveness to plant growth 
varies widely in the virgin condition frequently show even greater varia- 

^ Bennett, H. H. “Some Cuban Soils,*’ a supplement to the “Soils of Cuba,” Sd. Contr. 

Tropical Plant Research Foundation, Yonkers, N. Y., 1932. 
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tion following removal of the surface layer from one of them. As between 
two inherently different soils, the normal tendency of erosion is not merely 
to minimize or eliminate the soil-equalizing effect of the organic matter 
and the population of microorganisms, contained chiefly in the uneroded 
topsoil, by removing this layer; but it is to impoverish land, also, by 
bringing quickly to the surface unweathered, unconditioned (in relation 
to normal soil plant growth) material entirely unlike and inferior to that 
which has been bodily swept away. If it can be called soil, then this 
freshly exposed material obviously is of a very different type, one con- 
stituting an entirely changed plant environment. 

Conditions in Oklahoma 

In 1930, an erosion survey^ of Oklahoma was completed that showed 
that of approximately 16, 000, 000 acres in cultivation in the state, 13,000,- 
000 were subject to accelerated erosion, nearly 6,000,000 acres having 
reached the stage of gullying, with 374,000 acres, still included in fields, 
so badly gullied that good farm machinery could not cross the devastated 
areas. The survey revealed further that during the ‘Tast thi'ce or four 
years” 1,359,000 acres of formerly tilled land had been abandoned 
because of erosion. 

The vegetative changes from the original virgin post oak forest and 
“bluestein prairies” of many localities were found to have been so great 
over the rolling part of the state that this feature was helpfully employed 
as a soil-condition indicator in connection with the classification of 
certain types of idle eroded land. In the Red Plains region, the original 
valuable prairie vegetation (particularly that on the very extensive type 
of farm land, the Vernon fine sandy loam) composed chiefly of Andro- 
pogons (as little bluestcm and big blues tern), together with some grama 
grasses, has been largely replaced on the erosion-exposed, droughty 
red-clay subsoil by an essentially worthless sod composed of weeds and 
such inferior forage plants as the needle grasses. 

This sweeping vegetative change has accompanied an almost hopeless 
decline in the economic value of a tremendous aggregate area of farm 
land within the Red Plains of both Oklahoma and Texas. 

Hardwoods Replaced by Persimmon and Sassafras 

In the east Texas sandy lands region, where numerous fields have been 
abandoned because of erosion, thickets of small persimmon trees arc 
very common, especially on the red soils of the Kirvin group. ^ Almost 

^ Oklahoma Agr. and Mechanical Coll, Circ. 79, 1031. 

^ For description of the Kirvin soils, see Soil Survey, Nacqgdochcs County, Texas. 
Field Operations, Bur. Chemistry and Soils, tJ. S. Dept. Agr., 1 925. 
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without exception, examination of these sites shows that they consist of 
stiff red clay or a very thin covering of comparatively infertile grayish 
sandy loam over red clay. Remnants of the regional virgin hardwoods, 
including principally oaks and hickory, reveal that all these soils once 
had a covering of about 6 to 8 or 10 inches of light-brown to yellow fine 
sandy loam over red clay, the true topsoil or humus-charged layer averag- 
ing about 4 or 5 inches in depth. This surface soil has been partly or 
completely removed, and the lighter colored subsurface layer also, over 
thousands of acres. Following such denudation, persimmon trees and 
smilax have sprung up abundantly, along with broom sedge, poverty 
grass, and a variety of worthless weeds. Wherever seed trees occur, there 
usually has been, also, a rather wide dispersal of pine. 

In the rolling areas of the formerly rich limestone soils of the Highland 
Rim section of southern Kentucky, the thick clumps of sassafras almost 
universally present in abandoned fields usually mean simply one thing: 
that the former covering of mellow silt loam, richly charged with organic 
matter, has been washed off down to much stiffer clay material which 
dries out and hardens much more quickly. The vegetation coming in on 
the abandoned fields is entirely different from that of the hardwoods 
originally covering these productive uplands, and it is not known what 
length of time would be required for reestablishment of anything like 
the virgin stand of timber. 

In 1930, a soil survey was completed of Washington County, Indiana, 
where the base map was prepared from air photographs made during 
the very dry season of that year. Much land has been completely or 
partly abandoned here, because of excessive soil washing — something 
like 25 to 30 per cent of the entire county as indicated by the air map and 
soil survey. The vegetation on the critically eroded areas is so unlike 
that where all or part of the original topsoil still remains, it was an easy 
matter to pick out the denuded areas on the photographic sheets. Aban- 
doned fields which had washed down to clay were essentially bare of 
vegetation during the excessively dry period referred to, and those old 
fields which had lost all but a thin covering of the original silt loam 
supported principally broom sedge. These features are all plainly legible 
on the aerial map (Fig. 77). 

Detailed studies of a number of the virgin profiles of the limestone 
soils of this southern Indiana county, which originally supported a 
splendid stand of oak, hickory, maple, elm, basswood, cherry, buckeye, 
and walnut, show that the immediate topsoil of the most extensive types 
is considerably more alkaline than the sublayers. The deeper lying sub- 
stratum material, however, is more alkaline than either the topsoil or 
the intermediate layers. Apparently, the plant roots, bringing up soluble 
basic constituents from the alkaline substratum and storing them in the 
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leaves of forest trees, have in this indirect way transferred alkaline 
material to the surface soil, to make it more productive than the layers 
immediately beneath. It was found that the immediate topsoil, that is, the 
mineral soil beneath the forest litter, of the Frederick and Canton silt- 
loam soils, is nearly neutral, whereas the various layers of the subsoil 
proper are of acid reaction, some of them very acid. Also, the material 
of the substratum was found to be acid in the upper part and decidedly 



Pig. 77 . — Air phoLograpli of about 817 acres, Wasliinglon ('ounLy, Indiana. 1'wcriLy-five 
per cent timbered (dark clumpy area.s), with one-half repr(‘H<mting rather scrubby second 
growth on land which was abandoned because of erosion; 11 p<U’ cent plowed in 1930, 
though partly eroded (light-colored geometric patteriiH); 04 per cent abandoned because 
of erosion (light-colored areas of irregular outline, deeply erodcHl and .support ing little or 
no vegetation; c'lnd gray areas representing abandoned fieldH, now covered largely with 
broom .sedge). Total abandonment within a rather large surrounding similar area of 
formerly highly productive limestone .soil, bccati.se of impoveri.shment l)y ero.sion, amounts 
to approximately 75 per cent of the area. Approximately thi.s condition obtaims over a 
very large aggregate area in the rolling limestone regions of southern Indiana, .southern 
Ohio, Kentucky, and Tennessee. {Court esyt Pvrdua Univ, Ayr. Ex/pvr. HUi.) 

nonacid (alkaline) beneath, where freshly decomposed limestone material 
is present. It was shown, too, that tlic humus cover, to depths of about 1, 
l-^-, or 2 inches, ranges from approximately neutral to alkaline in every 
instance. 

These characteristics of the successive layers through the vertical 
soil section indicate what happens to the productivity of such lands 
under those unwise farm practices which permit the topsoil to wash off. 
Actually, bluegrass growing abundantly on the comparatively “sweet'* 
(alkaline) virgin soil has been displaced, on the exposed acid, droughty 



RELATION OF EROSION TO VEGETATIVE CHANGES 231 


subsoil, principally by persimmon, broom sedge, and worthless weeds, 
with numerous areas supporting no vegetation or only scattered weeds 
and grass of dwarfed growth. 

Effect of Erosion in the Southern Appalachians 

While a reconnaissance survey of erosion conditions in the Southern 
Appalachian region was being made during 1931, it was observed that 
practically all the broad-leaved forests had been cleared from the slopes 
of numerous valleys within the Blue Ridge Mountains (where the prin- 



Fig. 78. — The original granite-derived soil (Cecil sandy clay loam) of this Southern 
Piedmont area was first cultivated until the soil was completely removed by sheet erosion, 
as well as part of the subsoil, and then abandoned. Volunteer pines covered the area, but 
failed to stop the washing, especially in the gullies. Continuing erosion removed the more 
productive part of the subsoil down to comparatively unproductive deep subsoil, and now 
the pines not only are making no headway, but many of them are dying. In other words, 
this eroded area continued to wash after abandonment toward a still more impoverished 
condition in spite of the second growth. 


cipal soils are -derived from granitic rocks and micaceous schists) for a 
distance ranging from about i to f mile or* more up the slopes rising 
from the alluvial plains bordering the streams. About one-third to more 
than three-fourths of these formerly cultivated areas have been aban- 
doned because of the severity of erosion. The character of the vegetation 
coming in after the stripping off of the surface layer (as well as the subsoil 
in many instances) contrasts sharply with the former heavy forests of 
oak, chestnut, hickory, maple, sourwood, cucumber tree, tulip poplar, 
rhododendron, laurel, azalea, etc. Most of the abandoned land is covered 
with pine, although some areas support dense stands of tulip poplar. 
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Out in the Piedmont country, east of the Blue Ridge, where erosion 
has devastated numerous areas, a variety of vegetative changes have 
taken place on the extensive Cecil soils (granite-derived soils having 
brittle, brick-red clay subsoils), following the gradual washing off first 
of the topsoil and then of the subsoil, on down into the lighter colored 
substratum, consisting of intermingled clay and particles of disintegrated 
rock. The exposed subsoil (that is, the upper subsoil) usually is farmed 
for awhile with the aid of fertilizers, although all crops suffer on it during 
droughts, corn frequently failing completely at the same time when fairly 
good crops are produced on the associated less severely washed soils 
of the same original type. Continuing erosion lowers the surface of the 
ground until finally the poor, intractable deep-subsoil material is reached, 
at which stage the land is very nearly worthless for crop production. 
Even the pines that grew well on the upper subsoil now fail to make 
much headway. They are characteristically stunted; some of them actu- 
ally die as the result of continuing washing (Fig. 78). 

Many of these deeply eroded areas are bare of vegetation, save for 
an occasional dwarfed blackberry or smilax. The broom sedge, black- 
berries, and weeds that flourished on the upper subsoil of the fields that 
were thrown out of cultivation immediately following the stripping off 
of the surface soil usually grow stuntedly and sparsely, or not at all, on 
this essentially sterile material, representing the last stages of erosion 
before exposure of bedrock. 

W. D. Lee has the following to say with respect to vegetation on the 
Cecil clay loam of Burke County, North Carolina,^ an credible soil 
(usually representing exposed subsoil of areas that formerly consisted 
of Cecil sandy loam and loam) : 

‘‘Abandoned fields first grow up in broom sedge and brambles, followed the 
second year by sassafras, sumac bushes, and yellow pine, and in a few years, 
except on badly eroded areas, there is a good stand of pine. Forested areas support 
a fair or good growth of white, red, black, post, scarlet, and chestnut oaks, 
shortleaf or yellow pine, spruce, pitch and white pines, hickory, black gum, yellow 
poplar, dogwood, and a few persimmon, locust, sourwood, black walnut, white 
elm, sweet gum, red cedar, and hemlock trees.*^ 

This represents the natural secondary succession in old fields, which in 
many localities tends to remain more or less permanently in the stage of a 
pine subclimax as a result of frequent fires. But where serious erosion 
continues, pine woods cannot develop effectively, and even the broom- 
sedge stage is much interrupted and dwarfed. 

^ Soil Survey, Burke County, North Carolina. Bur. Chemistry and Soils, U. S. Dept. 
Agr., 1920. 
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The following observations^ relate to the far-reaching vegetative 
changes that have taken place over millions of acres throughout the 
southern Piedmont region, mainly on the Cecil soils: 

The original forest growth was quite different from the forests of the present 
time. On the highlands the oak, hickory, and chestnut were of large growth 
and stood far apart. There was no underbrush and the woods were carpeted 
with grass and the wild pea vine. Along the streams and in the valleys the dis- 
tinctive growth was willow, beech, birch, black walnut, ash, poplar, and gum. 
The cane also flourished best here, although it often grew upon the higher ground. 
The cane growth was the standard by which the early settlers estimated the 
value of the land. If it grew only to the height of a man’s head, the land was 
esteemed ordinary, while a growth of from 20 to 30 feet indicated the highest 
fertility. 

‘‘Not only the forests, but the cultivated fields as well, present a very different 
aspect now from what they did after the country was first opened up. It was then 
new and beautiful and as remarkable for the luxuriant richness of its landscape 
as it is now for the striking features of its rolling hills and long, narrow valleys. 
The original forest has disappeared almost entirely, and has been replaced by 
scrubby oaks, by underbrush, and by shortleaf pines of the abandoned fields. 
The chestnut and chestnut oaks have been dying out for the past sixty years, and 
the cane has likewise almost disappeared.” 

Second-growth pine in the Piedmont region usually means eroded land 
wherever found in essentially pure stands on sloping areas. Much of it 
grows where the original soil has completely disappeared. A rough picture 
of what has taken place can be formulated from conditions in Spartanburg 
County, South Carolina. In this one county alone, 297,216 acres have 
been classed and mapped as clay loam and sandy clay loam.^ Examination 
of the soil profile as found in remnants of the virgin stands of mixed hard- 
woods and shortleaf pine ("'forest pine”) shows the original soil to con- 
sist of some 4 to 8 inches of brownish or yellowish, mellow sandy loam and 
loam. This top layer is gone, or largely gone, from 297,000 acres of clay 
loam and sandy clay loam. These soils (classed as Cecil clay loam, sandy 
clay loam, and gravelly sandy clay loam and as Louisa clay loam and 
sandy clay loam) are, in a sense, new soils, representing products of the 
excessive erosion that has taken place over the cultivated slopes.^ They 
are markedly different from the virgin soils not only texturally but 
structurally as well. On the basis of studies pertaining to disturbed forest 

1 Soil Survey, Abbeville area, Soutk Carolina. Field Operations, Bur. Soils, U. S. Dept. 
Agr., 1902. 

^ Soil Survey, Spartanburg County, South Carolina. Field Operations, Bur. Soils, 
U. S, Dept. Agr., 1921. 

® Soil Survey, Union County, South Carolina. Field Operations, Bur. Soils, U. S. Dept. 
Agr., 1914. 
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conditions at the erosion experiment stations, on the same or similar soils, 
the most important structural change due to excessive erosion, from the 
standpoint of plant response, is a marked diminution of the effective pore 
space and an enormously increased tendency of the exposed clay subsoil 
to run together while saturated and to bake and crack during dry periods, 
with consequent serious losses of available moisture. Most of the original 
forest of hardwoods was removed long ago from the 209,152 acres of Cecil 
sandy clay loam of Spartanburg County. Now about 60 per cent of this 
land is under cultivation, the remainder largely covered with old-field 
pine. Occasionally, a few patches of second-growth white oak, hickory, or 
dogwood are seen, and here and there thickets of blackberry, plum, 
sassafras, and smilax. 

In the Northern Appalachians 

Qn Nov. 6, 1931, a forester, an agronomist, and a soil specialist of the 
State of Ohio, an agricultural engineer from the United States Depart- 
ment of Agriculture, and the author walked over the erosion-denuded 
slopes of a large section about 3 miles northeast of Roseville, in the hills 
of the Appalachian border, southeastern Ohio. From one point, the view 
took in an abandoned area of approximately 2 square miles. All this had 
been cultivated and once was considered good soil. A hne stand of hard- 
woods was cut from the area long ago. Remnants of such woodlands 
attested the fact. Those lands were abandoned. The soil over the greater 
part had been worn away, down to a mixture of clay and shale, very 
deficient in calcium, i)hosphorus, and nitrogen. On this we found, princi- 
pally, goldenrod, poverty grass {Danlhonia npicata), (lewl)crry, and 
blackberry. Patches here and there were bare of vegetation. The land 
was very acid; nutritious grasses were so scarce that a large proportion 
of the land was not even used for pastiu'age. Tlie prevailing type of cover 
was of a kind that permits continuing erosion although at a slower rate 
than from bare ground. 

In remaining clumps of the original forest tyi)e was a good ground 
cover of forest litter; below that, a half-inch layer of dufi* (mixed vegetable 
matter and mineral soil); and beneath the latter, a 7- to 9-incli layer ol* 
yellow-brown mellow silt loam of good organic-matter content. This, in 
turn, was underlain by 5 to 11 inches of yellow or buff-colored silty clay 
and finally by a mixture of pale yellow, acid clay and partly decayed 
shale fragments (representing profile of Muskingum silt loam). The 
lowest section corresponded to the material exposed over the greater part 
of the 2 square miles of eroded slopes as well as over many thousands of 
acres elsewhere throughout the county. 

The question was asked; “What can be done witli land of tliis Idnd?’^ 
The soils and crop specialists asserted that, without reseeding, a fair 




Fig. 79.— Above, virgia hardwoods, Piedmont area near Flemington, N. J. Soil is 
brown mellow loam about 8 inches deep overlying reddish clay loam containing some 
rounded gravel (Washington loam). At depths of about 36 to 40 inches, red clay, such as 
that shown in the middle picture, is encountered. The middle picture shows a large aban- 
doned area formerly cultivated from which 3 feet or more of soil and subsoil like that in 
the upper picture has been washed off. This area is now exceedingly poor and roughly 
gullied; about 40 per cent of it is bare or practically bare, and the remainder covered chiefly 
with poverty grass shown in the lower photograph. 
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stand of bluegrass could be established with the addition of lime and 
superphosphate, at a cost of about $10 an acre, the grass coining in 
voluntarily following such treatment. It was unanimously agreed that the 
average farmer could not afford such an expenditure on such denuded 
land. The forester was of the opinion that, although it would be exceed- 
ingly difficult and entirely impractical to reestablish hardwoods forest on 
such infertile, acid soil (subsoil), conifers probably could be established. 
Again, it was agreed by all that farmers probably would not, on their own 
resources, do much in this direction. It was further agreed that it was too 
late to accomplish very much with soil-saving measures, since so little 
soil was left to conserve. In other words, the soil poverty brought about 
by cultivating these steep slopes without provision for erosion control, 
resulting in stripping off from 8 to 20 inches of soil and subsoil, was so 
extreme that this group of specialists was unable to decide what remedy, 
if any, might be resorted to in order to restore those submarginal lands 
to any considerable degree of productivity beyond that which nature 
might accomplish through a long process of partial control by whatever 
vegetation should come in spontaneously. The magnitude of the problem 
unfolds itself when it is considered that in the one county where this 
worn-out land was found there was, at that time, more than 100,000 
acres of practically idle land that once was cultivated, over which the 
condition of erosion and degraded vegetation described, or an approxima- 
tion of it, obtained. This condition is quite general over many parts of 
the Allegheny Plateau in Pennsylvania, West Virginia, and Ohio. 

Much the same thing is taking place in numerous other parts of the 
Northern Appalachian region. Figure 70 shows characteristic views of 
west-central New Jersey, in the Piedmont section, where erosion has 
seriously affected a large area. 

Summing up the relation of erosion to vegetative changes over im- 
mense areas formerly occupied by hardwoods and mixed hardwoods-pine 
forests in eastern United States, these few observations and measure- 
ments give some conception of the widespread changes, such as have 
been, in almost countless localities, about as complete as could be im- 
agined. The vast areas of erosion-exposed subsurface, subsoil, and sub- 
stratum materials represent newly formed soils — new jilant habitats or 
environments, having scarcely a semblance to former conditions and in 
comparison with which they are tremendously inferior. 

Changes in Texas Black Belt 

Much the same thing has happened in the more rolling parts of the 
prairies and plains west of the eastern forests. When it is considered that 
one rain, on May lO, 1930, removed 23 tons per acre of black soil (actual 
measurement) from a 4 per cent slope of the central Texas Black Belt* 



Fig. 80. — Upper, virgin grassland (“bluestem meadow”) in the Black Belt near Tem- 
ple, Texas. The dense vegetation is composed of 82 per cent little bluestem, 7 per cent big 
bluestem, 5 per cent feather bluestem, 4 per cent dropseed, and 2 per cent of other grasses. 
Soil is Houston black clay, slope 3 per cent; no erosion. Lower, cultivated soil originally 
like that above. Black topsoil and most of the lighter colored subsoil washed off, then 
abandoned. After 4 years, more than 75 per cent of the ground surface was still bare of 
vegetation. Eroded land like this produces only about ^ bale of cotton per year as an 
average. 

it is not at all difficult to interpret the changes now rapidly taking place 
in this great area of originally highly productive prairie soil — the trans- 
mutation from a genuine ‘"black belt” to a patchy composite of (1) rich 
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black clay soil on the more nearly level areas, (2) less productive yellowish 
clay subsoil on numerous eroded slopes, and (3) whitish chalk (or marl) 
of relatively low productivity on erosion-exposed deep substratum. 

The virgin soil was densely matted with nutritious prairie grasses 
(predominantly bluestem), which in spring and early summer were 



Fig. 81 . — Virgin (left) and severely eroded (right) ITousloii black clay, Texas. Both 
areas originally were the same, occupying a 3|-per cent slope. About 54 inches of soil and 
subsoil have been removed from the eroded area, following about 40 years of cultivation. 
The vegetation on the virgin soil is largely composed of grasses, with 00 per cent of the sur- 
face area covered; while that on the erosion-exposed chalk to right (corresponding to the 
substratum of the virgin area, as indicated on the scale) supports principally weeds, 00 per 
cent of the ground being bare. 

beautifully sprinkled with numerous species of flowers. On the other 
hand, the exposed whitish chalk, resulting from 40 to 50 years’ cultivation, 
now supports sparse stands of vegetation, consisting largely of unpalat- 
able weeds (Fig. 80), whereas the erosion-bared subsoil proper, the 
intervening layer, supports chiefly weeds and stunted grasses, witli a 
relatively high proportion of unoccupied ground surface. The virgin soil 
produced upward of a bale of cotton an acre; the exposed chalk produces 
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at the rate of about bale in years of favorable rainfall and at the rate 
of about ^ to bale in dry years. 

The results of vegetative surveys on the principal soils of the region 
(the Houston black clay and its exposed sublayers of Sumter clay and 
chalk)/ employing small plots of equal size (surveys carried out on same 
date, summer of 1931, in Bell County, Texas), ^ are given in Table 27. 
These surveys were made to determine as accurately as possible the 
vegetative changes that have taken place as the direct result of soil wash- 
ing on the principal soil type of the region (Fig. 81). The conditions 
revealed are duplicated, or essentially duplicated, in numerous instances 
throughout the extensive rolling parts of the Texas Black Belt. In con- 
nection with the changes shown in this table, it should be observed that 
chalk was not present at the surface of the areas studied. Where chalk is 
actually exposed, the percentage of bare ground is relatively larger than 
where only the yellowish-brown clay subsoil (Sumter clay) is exposed; 
the composition of the cover is more largely of weedy growth; and 
recovery with respect to reestablishment of grasses, following abandon- 
ment, has been, generally, much less. 

Changes in the Corn Belt 

The Shelby loam, a glacial drift soil,® of northern Missouri, southern 
Iowa, northeastern Kansas, and southeastern Nebraska, originally was 
densely covered with true prairie grasses, such as the bluestems and side- 
oats grama, more or less invaded by the introduced bluegrass of the East 
(Fig. 82), growing on dark-colored, mellow loam, highly charged with 
organic matter. Under continuous cropping to corn, this rich topsoil has 
been swept from innumerable areas by erosion, down to yellow clay sub- 
soil, within a farming period of about fifty to sixty years on 4 per cent 
slopes and in about ten to twenty years on 8 per cent slopes. The exposed 
stiff, yellow clay produces little grass of any value and only about 20 
bushels of corn per acre (no corn is produced in dry years), as against 
60 bushels or more for the best years on uneroded or only slightly eroded 
soil (Fig. 83). 

The vegetative changes resulting from erosion on this extensive prairie 
soil have been extremely violent — a change from almost exclusive stands 
of introduced bluegrass, in density of nearly 100 per cent ground cover, to 
scattering stands of weeds and dwarfed grasses of very low grazing value. 

^ Soil Survey, Milam County, Texas. Bur. Chemistry and Soils, U. S. Dept. Agr. (Series 
1925), No. 25. 

^ Surveys by H. V. Geib, U. S. Dept. Agr., Bur. Chemistry and Soils, Blackland Station, 
Temple, Tex.; and Simon E. Wolff, Texas Agr. Exper. Sta. 

^ Soil Survey, DeKalb County, Missouri. Field Operations, Bur. Soils, U. S. Dept. Agr., 
1914. 




l''iG. 83.— Corn failuro on severely eroded Shelby loam (phologniph miide in August); same 

farm an sliown in Fig. 8Si. 


In his studies of the effect of plant roots on erosion under Nebraska 
prairie conditions, Weaver says:^ 

tinder continued grazing the true prairie grasses are gradually replaced by 
bluegrass, by the short grama grass and buiralo grass, or by a mixture of the 

^ Weaver, J. h. hffecLs of Roots on Vegetation in Erosion Control, Paper presented 
before Am. Soc. of Agronomy (mimeographed). December, 105)7. 







Table 27. — Composition and Ground Cover of Vegetation on Virgin and Severely Eroded Houston Black Clay, Bell 
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Eroded areas, though originally Houston black clay, now rejpresent Sumter clay. 
Practically worthless, sometimes affording a little spring grazing. 

Formerly cultivated, now abandoned. Not plowed or grazed for 4 years. 
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three grasses. Not only is the forage yield greatly decreased, but the under- 
ground plant parts are reduced one-third or more. Despite this loss in weight, 
due to the finer fiber in the root system, the soil is still anchored quite as firmly 
as before. But under long continued grazing and trampling the bluegrass and 
short grass sod is broken, and weeds become abundant. A final stage in deteriora- 
tion occurs where only fragments of these grasses are found and the dominant 
grasses are annual weeds such as wire grass, poverty grass, crab grass, and other 
weeds as woolly plantain and fetid marigold. These are relatively poorly rooted, 
much soil is only partly occupied by roots. , . . 

He points out that the soil under this final stage of grass deterioration 
erodes very rapidly. 

Erosion and Vegetation in Western Kansas 

The effects of erosion with respect to soil removal in the western 
Kansas Wheat Belt are illustrated by an erosion survey of a 159-acre farm 
in Township 13 S, Trego ('ounty, Kansas, com])leLe(l in 1931. ^ 

The virgin grassland or mixed prairie of this region, as represented 
by the upland part of (dass 7, Map 4s consists of dark-brown, mellow 
silt loam (Colby silt loam), averaging about 12 inches deep. The material 
beneath this top layer consists of brown silty clay, which at approximately 
22 inches below the surface passes into light-brown, silty clay of a limy 
nature. By the time of the first cultivation, the mixed i)rairie type of 
cover had been reduced by grazing to a dense cover of short grasses; and 
hence this tract, representing a typical area of highly productive western 
Kansas wheat soil, was broken out of plains “short grass” in 1922, just 
10 yeai's prior to the making of the erosion survey. All the eroded areas 
were washing at a considerably accelerated rale, as compared with the 
rate measured at the Hays, Kans., erosion experiment station on practi- 
cally virgin soil of the same original type occupying about the same slope. 
All the eroded areas on this Trego County farm had suffered marked 
reductions in productivity. The most severely washed portion was ex- 
cessively droughty and had very low value for the regional crops. The 
composition of the vegetation on the Lyincal virgin land, on moderately 
eroded land, and on severely eroded land (formerly cultivated but then 
untillcd), all of which originally was nearly the same with respect to soil 
and slope, is shown, respectively, under sites 1, 5, and G in Table 28. 

With respect to ground cover, the change from virgin grassland condi- 
tion (site 1) to deeply eroded, unproductive land of the class representing 
site 6, came within 5 per cent of amounting to a complete reversal of the 
virgin condition — a switch from a condition of essentially 100 per cent 
vegetated surface to 95 per cent nonvegetabed surface. The vegetation on 

^ Davis, U. TL, IT. S. DepL. Agr. at soil and water conservation experiment station, Hays, 
Kans. 
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both of the eroded sites, Nos. 5 and 6, contained not a single plant that 
was present in the native sod (all three plots of equal area). 

Similar conditions of vegetative change on former grassland areas are 
to be seen in other localities within the Kansas plains as well as in numer- 
ous places in the other Plains states. For several years the attention of 
the nation has been focused on the Great Plains, primarily because of the 
great damage that this region has suffered from excessive wind erosion. 



Map 4. — ^Effect of erosion on Colby silt loam, Trego County, Kansas. 1, stream allu~ 
vium — no erosion but considerable deposition of eroded material (35,08 acres); 2, level, 
cultivated — very little erosion (7.7 acres); 3, gently sloping, cultivated — 3 inches of soil 
removed by erosion (31.04 acres); 4, moderately steep, cultivated — 3 to 6 inches of soil 
removed (30.6 acres); 5, moderately steep, cultivated — 6 to 10 inches of soil removed 
(35.84 acres); 6, moderately steep, cultivated — all of soil and part of subsoil removed, 
down to 24 inches below the surface (0.5 acre); 7, level, and sloping upland and level 
alluvium — virgin grassland showing no erosion (18.04 acres). 

Local regions in all the 10 states — Montana, Wyoming, North Dakota, 
South Dakota, Nebraska, Kansas, Colorado, Oklahoma, New Mexico 
and Texas — ^lying within the boundaries of the Great Plains have suffered 
from an increase in the number and intensity of dust storms. Probably 
the hardest hit and more widely known area is the so-called ‘Must bowT* 
of the central and southern Great Plains, comprising a large area in 
southeastern Colorado, southwestern Kansas, the Panhandles of Okla- 
homa and Texas, and northeastern New Mexico. 



TABne 28 . — Composition and Ground Cover of Vegetation on Virgin and Eroded Soil, Trego County, Kansas 
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In its natural undisturbed state, the vegetation of the Great Plains 
was grassland characterized for the most part by a short grass cover with 
mid and tall grasses scattered throughout. In the past 50 years, a great 
deal of this native grassland has been placed under cultivation, and the 
remainder has been used for grazing purposes. During the 6 years of the 
recent unprecedented drought, many of the cultivated fields failed to 
produce either any crops at all or sufficient vegetative growth to protect 
the soil and prevent it from being blown or washed away, and in many 
places the vegetation on the range and pasture lands has been depleted 
seriously, undergoing striking changes in composition and density. 

Soil shifting has occurred throughout the entire Great Plains. Vast 
quantities of soil materials have been removed from one locality to accu- 
mulate in another. As a result, much of the present vegetative cover is 
far different from that which was formerly to be found in this region. 
Many cultivated fields, now abandoned, originally dominated with dense 
stands of blue grama, buffalo grass, and Western wheat grass are either 
denuded or characterized by a scattered growth of annual weeds and 
grasses such as Russian thistle and false buffalo grass. The rapidity with 
which these areas recover depends on a number of factors, namely, the 
length of time the field has been broken, the degree of erosion, the proxim- 
ity of grassland to furnish a seed supply, the amount of protection re- 
ceived, and the amount of precipitation. In the past, the process has 
required from 5 to 50 years depending on the intensity of the foregoing 
factors. However, in severely wind-eroded areas where soil has been 
removed to plow depth in some places and piled into dunes 25 feet in 
height in others, recovery may take a much longer period. 

Succession of Vegetation in Central America 

Evidence of long-continuing erosional effect on vegetative succession 
is found in the forests of western Honduras and eastern Guatemala. Here, 
forest composed almost exclusively of pine frequently adjoins tropical 
forest, where there is no important difference in climate, topography, or 
character of underlying rock. With respect to soil depth, however, the 
pine land usually is very different from that occupied by the characteristic 
tropical growth. Along the southerly slopes of the Espiritu Santo Range, 
west of the Chamelecon River, in Honduras, pine covers many small and 
large areas that are surrounded or bordered by tropical growth. Much 
of the soil under pine is a stony red clay, only a few inches deep (rarely 
more than 2 feet deep), overlying crystalline schist (closely resembling 
the Talladega soils of the Blue Ridge area of southeastern United States), 
whereas that of the near-by tropical woods is of the same character and 
origin but richer in humus, more friable, much deeper to bedrock (rarely 
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less than 5 feet), and usually stone-free.^ In the areas of pine highlands, 
bedrock is exposed in many places. 

The indications are that the pine lands were cultivated, severely 
eroded, and abandoned generations ago. Most of them show no evidence 
of recent habitation, but there is abundant evidence of former occupation, 
including even the remains of ancient buildings in places. 

Cook has the following to say with respect to past and present condi- 
tions of vegetation in this region^ : 

“That the ancient occupations of the humid mountain regions of eastern 
Guatemala by agricultural civilizations were very prolonged or were repeated 
in several prehistoric ages is indicated by the very severe erosion which this 
region has suffered. It is not likely that such deeply dissected contours would 
have been formed if the country had not been kept in a denuded condition for 
long periods of time. 

“There is practically no erosion at all on slopes covered with dense tropical 
forest. The soil is never loosened by frost, but is held in place by the matted 
roots of trees. . . . 

“The water of the torrents that gather from the forested slopes is still clean, 
even after heavy rains, or is made only slightly milky by the washings of the 
leaves. Only the erosion of the streams loosens any solid matter. After the 
forest has been cut and the dry brush has been burned off, the loose surface soil 
is left fully exposed. More erosion can then take place in a single season than 
would be possible in majiy centuries of undisturbed forest growth. 

“The driest and most sterile localitie>s, those Loo forbidding for human occupa- 
tion, have retained their forest growth, scarcxdy excepting sheer precipices and 
exposures of bare rocks. The regions which arc now treeless and barren or covered 
only with grass are those naturally well suited for the growth of forests, for the 
formation of fertile soil, and for human occiipation. Indications of prehistoric 
agricxdiure are found in all the denuded areas, as well as in other regions now 
covered with forests. 

‘“The abundance of rubl^er and other temporary types of trees and the absence 
of humus-inhabiting arthropods and forest palms enable regions of recent reforest- 
ation to be distinguished from forests of older growth. 

“Pacts of several different kinds ihm support the conclusion that the Central 
American region had a continuous forest covering before the advent of agricul- 
tural man. If human interference were withdrawn the normal growth of the 
vegetation would again cover the Central American region with dense and 
continuous forests. 

“ . . . Though the effects of human activities may not be so direct or so 
obvious in temperate climates as in tropical countries, it is well to be aware of 
the fact that natural conditions can be profoundly altered by human agencies. 

^ Treadwell, J. C., Hill, C. R., and Bennett, II. 11. ToHHibUitie.s of Para Rubber Produc- 
tion in Tropical America, Trade Promotion fier. 40, Bur. Foreign and Domestic (\)mmerce, 
[I. S. Dept. Commerce, 1026. 

^ Cook, 0. F. Vegetation Affected by Agriculture in Central America, TI. S. Dept. Agr. 
Bur. Plant Industry IhdL 145, 1009. 
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“Apart from dangers of war or pestilence to which the ancient communities 
of Central America may have been exposed, their existence was definitely limited 
by methods of agriculture which denuded the country of its forests and destroyed 
the fertility of the soil. Civilization is at an end when an agricultural country 
ceases to be adapted to agriculture. To recognize these natural limitations of the 
primitive civilizations of Central America should make us more careful to appre- 
ciate and to correct the harmful tendencies of some of our own systems of 
agriculture.’’ 


Changes in the Southwest 

In the vast domain of grazing country represented by the arid and 
semiarid Southwest, soil erosion following overgrazing has caused severe 
denudation of an enormous area of uplands, with consequent vegetative 
changes, such as have seriously reduced the grazing capacity of millions 
of acres of formerly fair to good range country, even to the extent of 
essentially 100 per cent damage in some localities. So tremendous has 
been the vegetative change in consequence of this abuse that it is impossible 
to undertake any comprehensive statement of the details here. There are 
areas in southwestern Texas and various parts of New Mexico, Arizona, 
Utah, California, and other Western states over which the vegetation 
has been completely destroyed, with little evidence of any important 
recovery following years of comparative freedom from invasion by live- 
stock. Usually, however, protection from further grazing is followed by 
slow or rapid recovery, even from a practically bare initial condition, to 
a stage where there has been sufficient recuperation for the plants to give 
considerable or even complete protection from erosion. Some areas that 
have been swept almost bare of plant cover make a remarkable comeback 
under protection, depending on the soil, slope, underground seepage 
from higher areas, and other local conditions. Such second-growth vegeta- 
tion, however, is often markedly different from the original cover, particu- 
larly with respect to various nutritious grasses characterizing the original 
condition. 

On Aug. 16, 19S9, a heavy downpour of rain 6 miles southeast of 
Panguitch, in southern Utah, swept from a 50 per cent slope of sheep 
range country great quantities of soil and practically all the grass. In 
many places the soil, a brown gravelly sandy loam possessing considerable 
mellowness, was gouged out to depths of 10 inches or more (18 inches in 
places). Samples collected the day following this erosive rain showed in 
the uneroded soil, which had been conserved during that particular rain 
by protective clumps of sage, an organic matter content of 1.4 per cent, 
as against only 0.4 per cent in the exposed lighter colored subsurface 
material (from which 10 inches of surface soil had been washed off). 
Such eroded areas were locally appraised as having little further value 
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for grazing. It was claimed that grass would come back with exceeding 
slowness on slopes thus denuded.^ 

Depletion of the upland vegetation has brought about a very serious 
problem in the alluvial plains of almost countless valleys throughout this 
great Western grazing region. Excessive runoff from the denuded slopes 
has had the effect of trenching many valley plains, formerly well-vege- 
tated, with broad channel ways and lateral arroyos (gullies), where, 40 or 
50 years ago, there was either no channel or only a diminutive runway. 
In many places these channels have undercut and widened to such degree 
that the entire valley floor has been riddled or bodily swept out, frcra the 



Fio. 84. — The disappearing alluvial plain of Rio ('haco. New Mexico, looking downstream 
from the cast aide, at Pueblo del Arroyo, 1088. 


foot of the uplands on one side to the corresponding position on the other 
(Fig. 84). Boil, whose accumulation has taken millennia under the slow 
natural process of valley filling, has been Lorn away completely or stripped 
of its productive surface material to the extent of wholly changing the 
type of vegetation for an undeterminable period. Creosote bushes and a 
few other woody shrubs scattered in an ephemeral cover of annual 
grasses and forbs are all that can be seen over some of the denuded areas 
which formerly were densely vegetated with nutritious grasses and 
herbaceous growth. This process of partial and essentially complete 
devastation of soil and vegetation is continuing steadily. There still 
remains, in some localities, enough land of approximately virgin char- 

1 BenneLl, H. 11. Cultural (-hanges in Soils from tlie Standpoint of Erosion, Jour. Am. 
Soc. of Agronoiny^ VoL 23, June, 1931. 
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acteristics to verify, unmistakably, what the changes have been; in other 
localities, where the original conditions have been essentially obliterated, 
there is much historic evidence as to what the alterations have been.^ 
The student of soil conditions needs no historic proof, however, to measure 
the violent changes that have taken place in such areas as that of the 
Puerco River Valley in New Mexico, for example. Here the valley plain 
is fast being gouged out, and there are large areas of adjacent slopes, 
now nearly bare of vegetation, where the soil has been largely swept 
away (as shown by what is left about the protected base of an occasional 
brushy tree). 


Changes Due to Silting 

In the fall of 1929, a very destructive flood swept down the Rio 
Grande. The Bureau of Chemistry and Soils had completed a detailed 
soil survey of the alluvial plain from about the head of water in Elephant 
Butte Reservoir to about 11 miles above the confluence of the Rio 
Grande with the Rio Puerco. This flood covered so much of the surveyed 
area with clay and sand that most of it had to be resurveyed in 1930. ^ 
Areas that had been mapped as clay were changed to loose sand, and 
sandy lands were buried deeply with clay (Fig. 85) . In some places, the 
depth of freshly deposited sand was as much as 7 feet, and clay was laid 
down in strata exceeding 2 feet. Thus, droughty soils were changed to 

^ The following letter to the author from Thomas A. Field, of Field, N. M., July 1, 1930, 
is an example of the type of local information that bears on the vegetative changes that 
have taken place since the coming of white man into the region: ‘U came here Aug. 10, 1886, 
saw the Rio Puerco first about the 10th, in fact, crossed it with a large herd of cattle where 
now is the station known as Puerco. The river then was not very wide, nor was the channel 
deep, and there were vegas and marshes all along the valley. Now the river has washed deep 
and wide and the marshes have disappeared. I know more about the Alamosa or Rio Salado, 
which is about 40 miles south of the Puerco by road, and in Socorro and Catron Counties, 
is about 150 miles long and drains a very large and mountainous region. When I first came 
here in 1886 and went into the stock ranching business, there was no channel to speak of in 
these valleys. The valley was covered with grass, shrubs, and in many places groves of 
cottonwoods, and whenever it rained in the mountains the flats would be flooded and 
grass and everything grew fine. Now there is a wide, deep channel, cut from the source to 
the mouth of this river, which has not only taken away nearly all the cottonwood trees, buL 
in some places has washed the houses, farms, and orchards of some of the old-time Mexican 
people away. In some places it is from 10 to 30 feet deep and from 200 feet to one-fourth of 
a mile wide. Water runs a little at different places for from one-half to two miles, very 
shallow, sinking into the sand between the runs; and in some places there are dry stretches 
of from five to fifteen miles in length. Our rainfall here is about the same as always, but 
owing to the big washes, the water does not penetrate the ground, only runs off down the 
arroyos, taking more of the soil every year. So, the stock-grazing capacity per acre here is 
only about 50 percent of what it was when I first came to the country.’^ 

2 Poulson, E. N., and Fitzpatrick, E. G. Soil Survey, Socorro and Rio Puerco Areas, 
New Mexico. Bur. Chemistry and Soils, U. S. Dept. Agr. (Series 1929), No. 2. 
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soils of good moisture retentiveness, even to a condition of swampiness, 
and vice versa. And the vegetation has undergone accordant changes. 

Subsequent floods have raised the level of the alluvial plain, piled sand 
into the river bed, and developed considerable areas of waterlogged land, 
much of it with a salinity Loo high for crop production. Tamarisk and 



Fig. 85. — This field of Anthony sandy loam was changed to (lila clay by the 1020 flood 
along the Rio (Jrande, New Mexico. Here 12 inches of dense, .sticky clay was deposited 
over the loose sandy soil. 

other plants have invaded many areas once covered with nutritions 
grasses and other plants of an entirely (liffcrenl order. 

Effect of Lowering the Water Table 

Another phase of the effect of the erosion process on vegetation is 
represented by the lowering of the water table following the gouging 
out of deep channels. A striking example is to be seen in Canada dc los 
Alamos, north of Los Angeles, Calif. Here an old arroyo that became 
active a few years ago, as the result of increased runoff from the over- 
grazed watershed, rapidly increased its depth into the substratum of 
porous materials of alluvial and colluvial origin. The violent lowering of 
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the water table resulting from this channeling so changed the moisture 
condition that bordering groves of cottonwoods of large size died forth- 
with. Similar effect on vegetation is clearly observable along the Puerco 
(New Mexico) and numerous other Western streams. 

Effect of Overwash 

A very large proportion of the alluvial plains in the Piedmont region 
(as well as of many other regions) has been so altered by overwash 
derived from eroding slopes that the soil (and the vegetation on it) has 
been changed markedly. Soil that formerly consisted of loam has been 
buried deeply by sands of varying texture, clay deposits, and silt, all so 
variable, both on the surface and through the vertical section, that it has 
been impossible to classify most of the areas within the Piedmont as 
uniform soil types. Moreover, such land (classed as Meadow in soil 
surveys) has been converted into swamp or semiswamp by the increased 
overflows resulting from the clogging of stream channels with erosion 
debris. Formerly, these alluvial areas were heavily timbered with ash, 
sycamore, oak, sweet gum, and pine. Much of the land was put into 
cultivation and considered the best of the region. Since abandonment, 
following these changes, most of it has grown up to thickets of willow, 
alder, birch, blackberry, pine, rushes, cattail, and coarse grasses. 





Chapter XL Sedimentation 


The Problem 


Direct damage by soil erosion is not confined to the farms or ranges 
from which soil is lost but extends to those places where the debris of 
erosion is deposited as sediment. Where the sediment accumulates, 



Fia. 80, — Sediment deposited by flood of 1930, farmstead on Republican River, near 
Guide Rock, Neb. Tlie depth of the deposit can be judged by the partially buried farm 
machinery. (J^hotograj)h by Soil Conservation Service.) 


reservoirs arc filled, irrigation and drainage ditches arc clogged, floodways 
lose capacity, navigable channels and harbors arc shoaled, farm lands on 
lower slopes and flood plains are damaged (Fig. 86) or ruined. Although 
some of these effects have been recognized by a few critical observers for 
at least half a century, and notwithstanding the growing magnitude of the 
problem, no comprehensive investigations were undertaken until the Soil 
Conservation Service developed specialized sedimentation studies as part 
of its research program. These studies arc designed to evaluate the down- 
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stream public interests in the erosion problem and to provide specific 
information as a basis for their protection. 

Public and private investments in storage reservoirs alone amount to 
more than 2 billion dollars.^ The aggregate investments in or dependent 
on all forms of water utilization must be counted in terms of tens of 
billions. Throughout the country, every year, damage and maintenance 
costs chargeable solely to the effects of soil erosion on water utilization 
facilities run into tens of millions of dollars. It is, therefore, self-evident 
that a large public interest demands the complete determination of causes 
of, and the rapid development of adequate remedies for, the progressive 
impairment or destruction of the resources and enormous investments 
involved in valley agriculture, water utilization, and flood control. 

Significance of the Assorting Action of Water 

When soil or subsoil materials are removed by running water from 
cultivated fields, pastures, ranges, or other upland sources, they usually 
begin an intermittent journey toward a resting place in the sea, a journey 
that commonly includes many halts during which the eroded material is 
deposited temporarily as colluvial, alluvial (or fluvial), or lacustrine 
sediment at favorable resting places. This process of intermittent trans- 
portation involves a progressive sorting of the original soil material, and 
the nature and completeness of this sorting depend on both the character 
and the amount of sediment and the distance and rate of transportation. 

Ordinarily, the coarser fractions of the soil material move more slowly 
and by shorter jumps and thus tend to be concentrated as sediment in the 
upper parts of the valleys and in the beds of the stream channels. On the 
other hand, the lighter, finer materials — silt, clay, and very fine sand for 
the most part — are concentrated more largely in the lower valleys (see 
Chap. IV, Part 1, “The Assorting Effect of the Erosion Process,’’) par- 
ticularly as overbank deposits from flood waters, which from time to time 
cover the flood plains of streams. It is these finer sediments that initially 
have made the alluvial plains exceptionally fertile. Moreover, the occa- 
sional additions of such fine sediment, often abounding in plant nutrients, 
are important fertilizing factors in maintaining the productiveness of 
valley lands. Most notable and historic of such instances is the alluvial 
plain of the Nile, cultivated continuously since very ancient time yet 
maintaining its productivity because of seasonal flooding. 

When, however, as has been the case in many parts of the United 
States, soil erosion by surface wash is greatly accelerated on the sloping 
lands of a watershed, such heavy sediment loads result that the normal 
stream regimen is upset; in consequence, a readjustment must take place 

^ Brown, Carl B. Rates of Silting in Representative Reservoirs throughout the United 
States, Am. Geophys, Union Trans., 18th ann. meeting, p. 554, 1937. 
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in the orderly process of seaward transportation and assortment of 
erosional debris. The results of such readjustment may be of grave con- 
cern to inhabitants of the valleys (Fig. 87) or to people dependent on the 
use of the rivers or valley lands. In many places, misuse of land not only 
has accelerated erosion on upland slopes but has caused previous accumu- 
lations of coarser material in the upper parts of valleys to become un- 
stable. As a result, larger loads of both coarse and fine material are moved 
with greatly increased rapidity, filling stream channels that were devel- 



Fig. 87. — Cleaning streeLs of Newport, Ky., of sill deposiled by 10B7 flood on the Ohio. 
Note high-water mark on building is at socond-story window sills. (Photognifh by Soil 
Conservation Senice.) 


oped in adjustment to the transportation ot finer materials. Less produc- 
tive sand and gravel arc carried out of the channels during flood periods 
and distributed over the surface of flood plains composed of fine-textured, 
rich alluvium. 

As sediment loads arc increased, there is correspondingly more rapid 
filling of reservoir basins, which on many streams serve as traps catching 
increased fractions of the sediment, until within relatively short periods 
storage capacity is depleted so largely that the reservoirs no longer serve 
a useful purpose. Also, the enlarged burdens of river-borne sediment add 
to the cost of maintaining harbor facilities and navigable channels. 

Historical B ackgro und 

No integrated nation-wide study of the downstream effects of acceler- 
ated soil erosion as related to specific cause and cure had been undertaken 
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prior to the present decade. The general nature of the problem was, 
however, recognized long ago. In the Southern States, it was described in 
part as early as the beginning of the nineteenth century.^ The process as 
observed in northern Mississippi was described in 1860 by Hilgard,^ who 
particularly noted the damage caused by deposition of sand on flood- 
plain soils. Similar damage had been noted in soil reports covering por- 
tions of the southern Piedmont. 

A situation developed in California about 1860 that focused attention 
on the dangers of sedimentation. Hydraulic gold mining in the Sierra 
foothills resulted in delivery of vast quantities of sand and gravel to the 
stream channels, particularly the Yuba River. Increased overflows re- 
sulted from the choking of stream channels with this mining debris, and 
fields were ruined by overwash of sand and gravel. In 1884, hydraulic 
mining was prohibited by state law in order to protect the lowlands. 
Attempts were made to stabilize the material in the upper valleys by 
construction of barriers across the streams. A large part of the sediment 
continued to move, however, resulting in what has been described 
as a wave of aggradation moving downstream. Classical studies of the 
processes of stream transportation by Gilbert* grew out of this situation. 

Silting has been recognized as an important factor in reservoir and 
irrigation problems along the Rio Grande in Texas and New Mexico 
almost since the beginning of extensive reclamation activities. Special 
studies of the sediment load of the Rio Grande were carried out as early 
as 1897.^ Since the construction of Elephant Butte Reservoir on the Rio 
Grande, in New Mexico, in 1915, several surveys have been made to 
determine its rate of silting. More recently, attention has been devoted 
to the accumulation of sediment in the channel and on the flood plain of 
the Rio Grande above the head of Elephant Butte Reservoir, where 
aggradation has contributed to flood damage, obstruction of drainage for 
irrigated lands, and waterlogging. 

Glenn* investigated the effects of deforestation and erosion on the 
principal southern Appalachian rivers and concluded that floods had 
increased markedly in severity and frequency as a result of cultural 
changes in their drainage basins. He stated that much damage was being 

^ Moore, T, “The Great Error in American Agriculture Exposed; and Hints for Im- 
provement Suggested.*’ Baltimore. 1801. 

2 Hilgard, E. W. Report on the Geology and Agriculture of the State of Mississippi. 
Jackson, Miss. 1860. 

^ Gilbert, G. K. The Transportation of Debris by Running Water, U. S, Geol. Survey 
Prof. Paper 86, 1914. 

^Follettj W. W. Silt in the Rio Grande. XJ, S. Dept. State Internat, Boundary Comm, 
for the Equitable Distribution of the Waters of the Rio Grande. 1913. 

^ Glenn, L. C. Denudation and Erosion in the Southern Appalachian Region and the 
Monongahela Basin, U. S. Geol, Survey jPrqf. Paper 72, 1911, 
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done to valley lands by the resulting increased bank erosion and deposi- 
tion of sand, gravel, and boulders. These damages extended on down- 
stream into the Piedmont, but no detailed study was made then to 
determine how far downstream the sedimentation was serious. In the 
mountain valleys, however, the damage was reported to be severe at least 
locally; and because of the scarcity of arable land sufficiently smooth to 
be reasonably safe from excessive erosion, the damage to the bottomlands 
was much more serious than might be supposed merely on the basis of 
the acreage involved. Glenn also mentioned, as a common form of sedi- 
mentation damage, the filling of many millponds with sand. 

Silting surveys have been made of 39 reservoirs in the United States 
over a period of 40 years by various persons and agencies concerned about 
the menace to storage capacities of specific reservoirs or reservoirs in 
certain problem areas. A wide variety of methods have been employed in 
these surveys, which have ranged from scarcely more than estimates to 
rather elaborate measurements. As a group, they do not offer sufficiently 
comparable standards of accuracy or adequate geographical distribution 
to serve for nation-wide evaluation of causes, effects, and remedies for 
reservoir storage depiction by silting. 

A fairly extensive foreign literature exists on many phases of the 
sediment problem, but little or no application has been made in this 
country of important principles of sediment control discovered abroad. 

Scattered measurements of suspended loads in streams have been 
made, mostly by the United States Geological Survey. Some have been 
made on Western streams by the Bureau of Reclamation and by the 
Bureau of Agricultural Engineering. With the exception of the Colorado 
River, the measurements covered short periods and, being taken at 
varying intervals, arc not highly significant. They constitute, neverthe- 
less, useful indices of relative silt loads. Measurements of material carried 
as bed loads have been little more than rough estimates. For instance, by 
comparing the rate of deposition on bars in the Gulf of Mexico with 
suspended load measurements, Humphreys and Abbot^ estimated in 
1876 that the bed load at the mouth of the Mississippi amounted to 
10 per cent of the suspended load. Recently, engineers of the Mississippi 
River Commission by similar calculations have estimated that the bed- 
load movement in some localities might amount to 200 per cent of the 
normal suspended load. 

SedimenLation Studies by the Soil Conservation Service 

Recognizing the fact that previous studies were neither sufficiently 
extensive nor intensive enough to answer the problems involved in such 

^ Humplireys, A. A., and Abbot, II. L. Report upon the Physics and Hydraulics of the 
Mississippi River. Government Printing Office. 1876. 
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varied programs as soil and water conservation, water facilities, flood 
control, drainage, irrigation, and adjustments in land use, the Soil Con- 
servation Service developed a research section for sedimentation studies. 
The need for specific investigations, which became apparent as action 
programs on the land evolved, led to the initiation of four distinct 
research projects in this field. 

Reservoir Silting Investigations 

Investigations of reservoir silting, with which the first sedimentation 
project started by the Soil Conservation Service had to do, are designed 
to establish the true relation between soil erosion and silting damage 
to the concentrated investments represented by storage reservoirs. 
Work under these investigations includes detailed sedimentation surveys 
of representative reservoirs, following uniform survey standards set by 
Eakin^; reconnaissance examination of silting in all other important 
reservoirs; compilation of a comprehensive inventory of existing reservoir 
resources of the country; and intensive field studies of the factors involved 
with reservoir silting and their relation to watershed conditions. 

It is highly important that the nature, extent, and rates of this silting 
damage be determined accurately, in order that erosion-control measures, 
water conservation, and land-use readjustments in the drainage basins 
may be commensurate, in costs, scope, and benefits, to the reservoir 
values involved as well as to agricultural interests. Correspondingly, an 
essential phase of such studies is the development and adaptation of 
economical methods designed specifically to reduce reservoir silting and 
supplementary to the widely used soil-conservation practices. 

Stream and Valley Sedimentation Studies 

Investigations of stream and valley sedimentation are directed toward 
the determination of the nature, extent, and probable future trend of 
damages in local areas where excessive sedimentation is under way. 

Since the recent sediments are for the most part in direct contact with 
older sediments deposited by essentially the same geologic processes (but 
not necessarily at the same rates), the approach in these studies has been 
largely by application of pedologic and geologic methods and criteria, 
modified where necessary to fit the specific problems at hand. Detailed 
studies are made of representative parts of regions in which conditions 
are generally similar, supported by briefer inspection of the entire area 
and laboratory sediment analyses where required. This procedure pro- 
vides a basis for isolating the factors in the problem and for developing 
general principles to guide plans for the practical application of control 
or remedial measures. 

^ Eakin, H. M. Silting of Reservoirs, U. S. Dept. Agr. Tech, Bull, 524 , 1936 . 
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Investigations of the Total Sediment Load of Natural Streams 

One of the most important unknown variables in the whole sediment 
problem is the percentage of sediment moving as bed load in a natural 
stream and its rate of transportation. It is a common statement that the 
volume of material moved along the stream bed can be estimated only 
roughly or is a wholly unknown factor. As late as 1934, Stevens^ sum- 
marized the situation with the unequivocal statement that “^as far as 
known, no successful attempt has yet been made to measure the material 
transported in a river as bed load.” 

Accurate knowledge of the total sediment load is essential, however, 
to the most economical construction not only of large reservoirs and flood- 
control works but also of the smaller developments involved in upstream 
engineering or soil-conservation work on watershed areas. 

By a new type of control installed on representative southern Pied- 
mont streams near Statesville, N. C.; Greenville, S. C.; and Dadeville, 
Ala. ; the Soil Conservation Service is undertaking to make exact meas- 
urements of bed loads, suspended loads, and vaidous related hydraulic 
functions of the streams. At these stations, the bed load is removed 
hydraulically from subdivisions into which the bottom of the stream is 
divided, and simultaneous measurements are made of suspended load 
and stream velocities. Data from these stations will be correlated with 
the topography, land use, and hydrologic conditions of the watersheds. 

Laboratory Investkjationm of Sediment-laden Flows 

Many field problems call for more knowledge of the fundamental 
mechanics underlying the entrainment, transportation, and deposition of 
erosional debris by flowing water. To provide for such investigations, a 
specially designed laboratory was set up in cooperation with the Califor- 
nia Institute of Technology at Pasadena, (hilif., early in 1935. Here, the 
individual factors involved with these complex natural phenomena arc 
being isolated and studied under controlled conditions. 

Transportation of suspended load has been selected as a primary point 
of attack on the whole problem. The importance of this particular study 
lies in the influence that the character of sediment in a stream has on its 
capacity for bed and bank erosion and for harmful deposition of sediment. 

Another problem being studied is the cause and rate of abrasion of 
sediments, that is, reduction in size of particles in the course of stream 
transportation. This study has an important bearing on the problems of 

^ Stevens, J. C. The Silt Problem. Am. Soc, Civil Kng. Trans,, Vol. 101, pp. ^07-288, 
1936. 
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stream-bank erosion, formation of bars, transportation of stream loads, 
and generally with regard to the effect of change in the character of 
erosional debris on the regimen of streams. 

The apparatus for this study consists of a closed circuit flume in 
which water and bed load are continuously circulated. Hate of wear is 
measured by periodic analysis of samples of the sediment. Simultaneous 
studies of abrasion of the same material in jar mills are being made as a 
means for more rapid future determination of the abrasion coefficient. 

Other problems under investigation are (1) localized scour caused by 
high-intensity disturbances of a local nature, such as occur in drops over 
certain types of dams or along curves of short radius on stream meanders ; 
and (2) underflow of sediment-laden water in reservoirs. These under- 
flows, which are of wide occurrence in nature, influence the location at 
which the stream load of debris is deposited in the reservoir. A thorough 
knowledge of underflows may lead to practical methods for reduction 
of reservoir silting. 


Additional Studies Needed 

Much work remains to be done along the present lines of investigation, 
for only a promising beginning has been made so far. The true importance 
of the sedimentation problem from a national viewpoint has not yet 
been appraised. 

Nevertheless, certain additional lines of investigation beyond the 
scope of the present program should be started in the near future. As a 
basis for developing erosion and flood-control measures in the watersheds 
above reservoirs or areas of channel and valley damage, systematic 
sampling of suspended load should be carried out on many streams. 

The relative importance of stream-bank erosion and of mass move- 
ment of soil in contributing sediment to stream channels should be 
determined by careful measurements and field study. Studies and experi- 
ments are needed also to develop the most practicable control measures 
where bank erosion is found to be an important source of damaging 
sediment. 

A satisfactory program of watershed protection should, in many 
instances, include supplemental sediment-control methods in addition 
to erosion control on farm and range lands. In many places, relatively 
large eroded areas of low value are contributing much harmful sediment 
to reservoirs, channels, and valley soils, such as sand, gravel, and unpro- 
ductive subsoil material. Whenever the topographic and other physical 
conditions are favorable, it may be economical to provide for trapping 
the sediment from such areas, while soil-conservation measures are be- 
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ginning to take effect on the watershed. Comprehensive studies of the 
physical and economic possibilities along these lines are needed. 

Development of methods for promoting spread of vegetation on 
deltas and flood plains is a promising line of research for protection of 
reservoirs. 

In many foreign countries, silt has been used extensively for building 
up and improving worthless land. The method of reclamation is known as 
colmatage when applied to the utilization of sediments on inland areas 
and warping when referred to reclamation of tidal marshes. This method 
of land reclamation and improvement was first used in Italy. Documents 
of the twelfth century mention reclamation by deposition of stream-borne 
silt in Tuscany, and such reclamation probably was carried on before 
the fall of the Roman Empire. From Italy, the practice spread to France 
and England and subsequently to Russia, India, China, Switzerland, 
Scotland, Ireland, Canada, and other countries. The possibilities of 
making practical application of such practices in the United States should 
be looked into carefully. 

The development of suitable methods for reclamation of valley lands 
already damaged by sediment necessarily will require considerable 
experimental work, as well as a critical study of past or existing reclama- 
tion efforts. The form of treatment will, of course, vary considerably. 
Particular attention should be given to the possibility of filling up 
swamped areas by simple diversion and detention methods and to protect- 
ing drainage channels necessary for reduction of flood hazards. In many 
instances of severe valley sanding, an adequate reclamation program 
probably should be directed toward deposition of a finer textured, more 
productive silt blanket over the sand. It may also be found possible to 
develop special crops, either for continuing use in the valleys as they are 
or selected primarily to aid in improving the agricultural character of the 
sediments for future use after other measures have been applied to reduce 
the severity of existing harmful conditions. 

The entire field of the relation of sediment to flood-control problems 
needs extensive and intensive investigation. Loss of capacity in detention 
reservoirs is, of course, a factor of major importance in considering the 
use of reservoirs for flood control, but very little is known as to the 
expectancy of silting under probable operating conditions in the more 
severely eroding sections of the country. 

Only a small beginning has been made m accurate measurement of 
the rates of accumulation of lag sediments in natural stream channels 
throughout the country. This is an important factor in planning a long- 
range program of flood protection and may deserve special attention in 
certain watersheds where relatively coarse erosional debris is being fed 
to the streams at excessively rapid rates. 
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Findings and Examples 

From time to time, references have appeared in literature citing 
examples of streams that formerly ran clear except during spring freshets 
and that now are turbid the year round; of formerly cultivated bottom- 
lands that are now sandy wastes (Fig. 88) ; and of coastal inland streams 
that were formerly navigable but now are difficult to traverse even by 
canoe. Some studies have been made in recent years with respect to the 
clogging of drainage and irrigation channels, the filling of reservoirs, and 
reduction in capacity of floodway s; but it is apparent that the full sig- 
nificance of these isolated studies was not generally recognized until 



Fig. 88. — Sand deposited over a large area of Ohio River alluvial plain by flood of 
January, 1937. In 1936, this field produced about 100 bushels of corn per acre and was 
valued at $100 an acre. It is now practically worthless. {Photograph hy Soil Conservation 
Service^ 

very recently. In the following pages, results of the more important 
previous studies are cited as well as representative findings of the Soil 
Conservation Service research. 

Sediment Load of Streams 

During the past 80 odd years, many measurements have been made 
of the material carried in suspension and solution by streams. Unfor- 
tunately, these records are inadequate for accurate estimates of any in- 
creased amounts of water-borne material resulting from agricultural 
use of the land. Various authors have presented estimates of the rates of 
denudation, based in some instances on both the suspended and the dis- 
solved load of streams; in others, on total solid load as revealed in reservoir 
deposits, with or without regard to dissolved load. These figures gener- 
ally do not reflect the extent of soil wastage, since they represent only 
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Table 29. — Suspended Solids and Dissolved Matter Carried by 
Representative Streams 


Stream and location 

Drainage 

area, 

square 

miles 

Period of 

measure- 

ments, 

years 

Average 
annual 
runoff dur- 
ing period, 
second- 
fed per 
square mile 

Average 
dissolved 
material 
by weight, 
parts per 
million 

Average 
suspended 
silt by 
weight, 
parts per 
million 

Kennebec, Waterville, Me 

4,270 


1.76 

48 

4 

Hudson, Hudson, N. Y. . 

0,530 

1.0 

1.82 

108 

16 

Raritan, Bound Brook, N. J .... 

800 

1.0 

2.14 

85 

36 

Susquehanna, Williamsport, Pa. . 

5,040 

1.1 

1.68 

74 

18 

Potomac, Great Palls, Md 

11,400 


1.12 

115 

85 

James, Richmond, Va . 

0,820 

1.0 

1.33 

80 

71 

Dan, South Boston, Va... 

2,7.50 

0.7 

1.34 

71 

2(54 

WaLeree, Camden, S. C 

4,500 

1.0 

1.44 

73 

214 

Chattahoochee, We.st Point, Ga 

3,300 

1.0 

1.08 

52 

136 

Alabama, Selma, Ala.. 

15,400 

0.9 

1.81 

82 

100 

Pearl, Jackson, Miss 

.3,120 

1.0 

1.20 

50 

48 

Tennessee, GilberLsville, ICy. .. . , . 

.38,400 

1,0 

1.60 

101 

127 

Kentucky, Frankfort, Ky 

5,140 

LI 

1.00 

104 

142 

Monongahela, Klizabeth, Pa 

5,580 

1.1 

1.80 

81 

84 

Muskingum, Zanesville, Ohio 

5,830 

1.0 

0.06 

244 

70 

Great Miami, Dayton, Ohio. ... 

2,450 

1.0 

0.73 

280 

94 

Wabash, Ambia, Ind 

2,100 

1.1 

0.00 

270 

48 

Mississippi, Minneapolis, Minn 

19,000 

1.0 

0.81 

200 

8 

Mississippi, Quincy, III 

185,500 

1.0 

0.53 

203 

110 

Illinois, Kamp.sville, 111 

20,730 

1.0 

0,83 

267 

145 

Chippewa, Kau Claire, Wis 

0,740 

1.0 

1.31 

00 

4 

MinnesoLa, Shakopee, Minn 

15,100 

1.1 


480 

142 

Cedar, Cedar Rapid.s, Iowa 

0,320 

1.0 

0.65 

228 

61 

Missouri, Howard Bend, Mo. , , , , . , ... , . 

529,000 

1.9 

0.24 


2,800 

Grand, Sumner, Mo 

7,«0() 

1.9 

0.67 


2,010 

Kansas, Bonner Spring, ICaiis 

(11, .300 

1.0 

0,10 


3,085 

Plaice, Plat Us mouth, Neb 

90,200 

1.9 

0.10 


2,040 

Big Sioux, Akron, Iowa 

9,420 

1.0 

0,87 


1 025 

James, Scotland, S, 1). . 

21,500 

1.0 

0.01 


153 

Bad, Fort Pierre, S. D 

.3,110 

1.0 

o.n 


38,810 

Yellowstone, Gloiidive, Mont 

00,900 I 

1.0 

0.42 


2,840 

Arkansas, Lillie Hock, Ark. 

148,00ft ' 

1,0 

0,10 

030 

748 

Red, Shreveport, La 

50,900 

1.0 

0.28 

501 

870 

Mississippi, New Orleans, La 

1,201,000 

1.0 


100 

800 

Brazos, Waco, Tex 

28,500 

2.0 

0.20 


8,000 

Brazos, Waco, Tex 

28,500 

0.0 

0.08 

1,1.36 

1,188 

Colorado, Austin, Tex 

38,000 

1.0 

0.07 

321 

351 

Rio Grande, San Marcial, N. M 

30,000 

34.0 

0.14 


14,200 

Colorado, Yuma, Ariz 

242,000 

20.0 

0.23 


0,400 

Colorado, Grand Canyon, Ariz. 

138,700 

0.0 

0.38 


13,400 

Gila, Florence, Ariz 

17,850 

1.0 

0.01 

044 

14,130 

Santa Maria, Santa Maria, Calif 

1,000 

0.0 


2,412 

1,302 

San Joaquin, LaUirop, Calif 

12,500 

0.8 

1.02 

161 

80 


the net removal of material in suspension in streams from large water- 
sheds in which much nonagricultiiral land may be contributing little or 
no erosional debris. It is noteworthy, however, that even these estimates 
are being constantly revised upward as additional data, longer term 
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records, and more efficient sampling devices and teclinique become avail- 
able. For another reason, stream-load measurements do not give full 
evaluation of the magnitude of sedimentation problems. They disregard 
entirely the immense quantities of debris temporarily stored behind arti- 
ficial barriers, such as reservoirs, and in colluvial and alluvial deposits 
in the watershed above the points of stream sampling. 

Although suspended- and dissolved-load measurements alone do not 
give a true measure of land wastage, they are of value in comparing 
rates of debris production in the various sections of the country and in 
individual streams. Table 29 shows the suspended and dissolved material 
of a number of representative streams of the United States. 

The dissolved load of streams is governed mainly by three watershed 
characteristics: (1) location with respect to climatic conditions, (2) 
chemical constitution of rocks and soil, and (8) contamination by munici- 
pal and industrial wastes. To illustrate, the rivers of the Atlantic slope, 
draining areas underlain by crystalline rocks of low solubility and occu- 
pied by soils that have been subjected to a relatively high degree of 
leaching, show uniformly low salinity. In contrast, the rivers of the dry 
Southwest, particularly those draining semiarid and arid regions in 
which the soil contains large quantities of soluble salts, show high concen- 
tration of dissolved material. However, it is evident that the most 
important factors in individual instances are not too easily isolated, since 
the other factors may tend to obscure the true relationship. The effect of 
contamination or pollution by industrial wastes prevalent in the East 
is particularly difficult to isolate, except by reference to the specific 
analysis of the samples themselves. 

The suspended load of streams, on the other hand, tends to show 
striking correlations with soil, climate, vegetative cover, and, to some 
extent, type of agriculture. Although available measurements of sus- 
pended solids are distributed too unequally to allow broad regional 
generalizations, it is evident that sediment loads are generally higher 
in the dry regions of the Southwest and least in the Eastern coastal 
regions. 

When records of individual streams are compared, some important 
relationships become evident. For example, the Bad River of South 
Dakota, draining country with large areas of badlands, carries much 
more silt than the James River of the Dakotas, draining a region com- 
prising much permeable glacial soil. Still another striking contrast is 
revealed by records from the Mississippi River at Minneapolis and the 
Illinois River at Kampsville. These two streams, although having com- 
parable watershed areas and similar climatic conditions, show strikingly 
different sediment values. It appears that the large extent of erodible 
loessial soil and extensive cultivation in the watershed of the Illinois is 
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associated with the higher sediment load of this river as compared with 
that of the upper Mississippi, which drains a region including much 
permeable glacial soil, and numerous lakes, peat bogs, and forested areas. 

The highest recorded sediment concentrations are found in streams 
draining arid and semiarid regions of the Southwest. A maximum con- 
centration of 26 per cent by weight (42 per cent by volume) was measured 
on the Rio Puerco, near its junction with the Rio Grande in central 
New Mexico, and a concentration of 21 per cent by weight (25 per cent 
by volume) has been recorded on the Rio Grande, at San Marcial, N. Md 
Some high values are recorded also for the Colorado River system. Pierce^ 
records a silt concentration of 12 per cent by volume and 9 per cent by 
weight on the San Juan River, one of the upper Colorado tributaries. 
Recent measurements by the United States Geological Survey have 
shown a maximum concentration on the Colorado River, at Grand 
Canyon, of 14 per cent by weight.’"^ Fortier and Blaney^ report concen- 
trations of 3 per cent by weight for the entire Colorado River discharge 
at Yuma, Ariz., for short periods. Forbes^ records a maximum silt con- 
centration of 9.4 per cent by weight (22 per cent by volume after one 
month settling) for the Gila River near Yuma. The only other streams 
showing like silt concentrations are those which drain the badlands of 
South Dakota. According to the chief of engineers, United States Army,® 
the Rad River, South Dakota, which drains much badlands country, 
may during limes of high precipitation carry a silt load in excess of 
10 per cent by weight. 


Reservoir Siltino 

An incomplete inventory of water-storage devclojiment reveals that 
at least 8,400 dams and reservoirs, exclusive of farm ponds, have been 
constructed in the United States. No state is lacking in reservoir develop- 
ments; the minimum value in any state probably exceeds $100,000, and 
some have investments aggregating more than $200,000,000, notably 
California, whore more than 775 reservoirs have been built. Water- 

^ Follansbec, R., and Dean, H. J. WaLcr Rcsoum\s of Lhc Rio (irandc Ibusin, U. S. Geol. 
Survey Water-mjyply Payer S58, p. 712, 1015. 

2 Pierce, R. C. Measurement of SilL-laden Streams, tl. S. (xeol. Watcr-mrpyly Payer 
400-C, p. 41, 1917. 

® Howard, C, S. Suspended Matter in the Colorado River in 1025-"1928, U. S. Geol. 
Survey Water-supply Payer 036, p. 32, 1920. 

^ Fortier, S., and Blaney, IL F. Silt in the Colorado River and Its Relation to Irrigation, 
U. S. Dept. Agr. Tech. Bull, 07, 1928. 

^ Forbes, R. H. The River-irrigating Waters of Arizona — Their (Character and Effects, 
Arizona Exper. Sta. B%dl. 44. 

® United States Congress. Missouri River. Letter from the Secretary of War transmitting 
report from Chief of Engineers. 73d Cong., 2d Sess. House Doc, 238, pp. 1032-1230. 
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storage reservoirs for New York City alone are reported to have cost in 
excess of $80,000,000, and many other major cities throughout the coun- 
try have proportional investments and are likewise dependent on these 
water-storage resources. 

Data on rates of silting are far from adequate to give an accurate 
record of the total annual losses in reservoir storage attributable to 
accelerated soil erosion. Altogether, reliable silting investigations have 
been completed on only 98 reservoirs, unequally distributed throughout 
the country. Of this number, 34 surveys have been made by agencies 
other than the Soil Conservation Service, since 1895. The Soil Conserva- 
tion Service has completed surveys of 64 reservoirs since 1935. A summary 

r ^ ■ n 



Fig. 89. — The reservoir behind the original dam (Barrett Dam, East Sandy Creek, 
near Athens, Ga.) was filled with sediment; the dam was raised, and again the reservoir is 
filled. (Photograph by Soil Conservation Service,) 


of representative data from these investigations is given in Table 30. 
If it is assumed that data on 98 reservoirs represent a fair sampling of 
the total number in the United States, that rates of silting will remain 
generally uniform, and that when the average reservoir has lost 80 per 
cent of its storage capacity its usefulness will be at an end, the existing 
data indicate that about 39 per cent of these reservoirs will be useful 
for less than 50 years from the date of their construction, 25 per cent 
will be useful for 50 to 100 years, 21 per cent for 100 to 200 years, and 
only 15 per cent for more than 200 years. 

Much significant information is developed when conditions of reservoir 
silting are appraised on a regional basis. In the southern Piedmont region, 
where farming has been important for 200 years, widespread damage has 
already occurred (Fig. 89). The reservoirs of this section may be classified 
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in three groups: (1) channel reservoirs without appreciable overbank or 
flood-plain storage, used mainly for power by grist mills and cotton mills; 
(2) basin-type reservoirs impounding generally from 1,000 to 20,000 
acre-feet of water, used principally for municipal purposes but occasion- 
ally for power and recreation; and (3) large storage reservoirs impounding 


Table 30. — Results of Selected Reservoir Surveys by the Soil 
Conservation Service 


Name of reservoir ^ 

Location 

Age at 
time of 
survey, 

years 

Area of 
water- 
shed, 
square 
miles 

Original 

capacity, 

acre-feet 

Sediment 

volume, 

acre-feet 

Annual 
capacity 
loss, 
per cent 

Total 
capacity 
loss, 
per cent 

Burnt Mills (\vs) 

Silver Spring, Md. 

7.8 

27.0 

170 

79 

.5.00 

46.47 

Byllesby (p) 

Bylk'shy, Va. 

«3.7 

1,310 

8,892 

5,354 

2.54 

00.21 

Washington Mills (p). . 

Fries, Va. 

33.5 

1,140 

2,054 

2,443 

2.47 

82.09 

Burlington (ws) 

Burlington, N. C. 

10 

105.2 

1,488 

163 

1.10 

10.95 

High Point (ws). 

High Point, N. C. 

10.25 

02.8 

4,354 

310 

0.71 

7.20 

Lake Lee (ws) 

Monroe, N. C. 

n.i 

50.5 

821 

100 

1.85 

20.58 

Lanca-ster (ws) 

Lancaster, S. C. 

13.4 

0.4 

242 

52 

1.00 

21.40 

Spartanburg (ws) 

Spartanburg, S. C. 

8.2 

01.0 

2,700 

403 

2.00 

17.15 

Lloyd Shoals (p) 

Jackson, Ga. 

24.3 

1,414 

112, .538 

151,000 

0.51 

12.40 

Bayview (ws) 

Birmingliam, Ala. 

24.0 

72.3 

11,860 

2,352 

0.81 

10.82 

Lake Decatur (ws) 

Decatur, 111. 

14.2 

000 

19,738 

2,808 

1.00 

14.251 

Lake Callioun (r.) 

Galva, III. 

11.1) 

13.1 

280 

140 

4.517 

52.10 

Lake Taneycomo (p) . . . 

Branson, Mo. 

22.4 

4,010 

43,080 

20,206 

2.00 

40.08 

Clinton (ws) 

Clinton, Okla. 

7.4 

23 

4,415 

434 

1.33 

0.851 

Lake Waco (ws) . 

Waco, Tex. 

5.0 

1,002 

30,378 

7.700 

3.34 

10.78 

Rogers (ws) 

Rogers, Tex. 

12.0 

0.55 

104 

37.5 

1.01 

22.87 

White Rock J^ake (ws) . 

Dallas, Tex. 

26.0 

00.1 

18,158 

3,882 

0.80 

21.518 

Mission Lake (ws) 

Horton, Kans. 

13.0 

11.4 

1,852 

280 

1,20 

15.00 

Wellfleet (r) 

WelKlccl, Neb. 

5.0 

43.0 

510 

55 

1.80 

10.60 

llaycs Lake (r) 

llaycs, S. D. 

4.2 

40.0 

020 

40 

1.80 

7.79 

Baker (r) 

Baker, Mont. 

20.1 

5,2 

750 

254 

1.15 

33.00 

Blank Canyon (i) , . . . 

ICmniett, Idaho 

12.0 

2,540 

37,050 

4,037 ’ 

0.80 

10.72 

Elephant Butte (i) 

Hot Springs, N. M. 

20. 2r) 

20,312 

2,6518,860 

366,18(1 

0.68 

13.84 

San Carlos (i) 

CooIi(lg(j Dam, .\riz. 

(1.33 

13,540 

1,217,000 

36,806 

0.47 

2.00 

Gibraltar (ws) 

Santa Barbara, f’alll. 

10.25 

215.4 

14,500 

4,314 

1.83 

20.75 

Santa Anita (fc) 

Monrovia, (kilif. 

10.2 

10.8 

1,043 

360 


34.522 


1 ws water supply; p =» power; r =» rcercatioii; i irrigation; fc flood control. 

2 Total capacity loss prior to lOtlH, U.17 per cent. Loss (luring sUirm of Mar. 1088, 31.85 per cent. 


generally over 100,000 acre-feet of water, used almost entirely for hydro- 
electric power development. The reservoirs of the first class have long 
since lost all storage capacity beyond that represented in the channel 
required to carry the normal flow of the stream. Thirteen representative 
reservoirs of this type, with dams averaging 30 feet in height, were 
completely silted at an average age of years. Striking examples of 
this class are Gaston Shoals on Broad River, South Carolina, which had 
an estimated original capacity of 10,000 acre-feet; Holiday Reservoir 
on Saluda River, South Carolina, with an estimated original capacity of 
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3,500 acre-feet; Lockhart Reservoir on Broad River, South Carolina, 
with an estimated original capacity of 2,300 acre-feet; and Parr Shoals 
Reservoir also on Broad River, with an estimated original capacity of 
36,000 acre-feet. 

The excessively rapid filling of channel-type reservoirs is not confined 
to the Piedmont hut also has occurred in the mountainous regions of the 
Southeast. Of four reservoirs on New River, ^ in southwestern Virginia, 
Washington Mills Reservoir, with an original capacity of 2,954 acre-feet, 
lost 82.7 per cent of its capacity in 33.5 years, of which more than 80 per 
cent was lost in the first 18 years. Byllesby Reservoir, just below on the 
same stream, lost 60.2 per cent of its original capacity of 8,892 acre-feet 
in 23.6 years. Buck Reservoir, just below Byllesby, lost 23 per cent of its 
capacity of 1,225 acre-feet in 23.6 years. 

These and similar reservoirs have not been rendered entirely useless 
by silting, since many of them still produce some power when there is 
ample flow in the river. Because of their tie-in with power generation and 
distribution networks, this secondary power (or residue of reservoir 
power) may be used advantageously at times. If these reservoirs were 
single units, however, the secondary power generated could not be sold 
at sufficient price to justify their continued operation, and the reservoirs 
would, therefore, be totally worthless. 

Schoolfield dam on the Dan River just above Danville, Va., completed 
in 1904, had an original capacity of approximately 4,000 acre-feet. A 
survey by the United States Army Engineers showed that by 1915 this 
reservoir had lost 80 per cent of its' original capacity. The annual produc- 
tion of power in kilowatt-hours has been reduced materially by this loss 
of storage. Islands of silt, formed within the reservoir, now cover about 
400 acres out of the original surface area of 540 acres and are partly 
used for farming. 

Three large storage reservoirs built for hydroelectric power develop- 
ment, High Rock Reservoir near Salisbury, N. C.,^ Lloyd Shoals Reservoir 
near Jackson, Ga.,^ and Lay Reservoir near Clanton, Ala.,^ are, respec- 
tively, silting at annual average rates of 0.62, 0.51, and 0.52 per cent of 
their capacity. This uniformity appears significant; supported by recon- 
naissance measurements in other reservoirs of the same class in the 
region, it suggests that projects of this type in the Piedmont generally may 

^ Brown, C. B., and Barnes, F. F. Advance report on the sedimentation investigations of 
reservoirs and navigation improvements on the New River, Virginia and West Virginia. 
Soil Conservation Service (mimeographed), SCS-SS-6, 1936. 

2 Eargle, D. H. Advance report on the sedimentation survey of High Rock Reservoir, 
Salisbury, N. C. Soil Conservation Service (mimeographed), SCS-S6-10, 1937, 

^Eakin, H. M. Silting of Reservoirs, IJ. S. Dept. Agr. Tech. Bull. 524, 1936. 

^ Barnes, F, F. Advance report on the sedimentation survey of Lay Reservoir, Clanton, 
Ala., Soil Conservation Service (mimeographed), SCS-SS-13, 1937. 
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be expected, under existing conditions of watershed utilization, to silt 
at rates of one-half to three-quarters of 1 per cent a year. Silting rates 
under present land-use conditions indicate a useful life not much in excess 
of 100 years for these costly and irreplaceable developments. 

There are notable contrasts within the Southeast between reservoirs 
in headwater areas with almost completely forested watersheds and those 
located in the middle or lower Piedmont where a large part of the tribu- 
tary drainage comes from agricultural lands. For example, the enormous 
Lake James in the eastern part of the Blue Ridge Mountains, on the 
Catawba River near Marion, N. C., with an original capacity of 288,000 
acre-feet, is estimated on the basis of a few silt measurements to have 
filled less than one-half of 1 per cent in the 12 years after its completion. 
By contrast. Mountain Island Reservoir, also on the Catawba River 
but situated in the middle Piedmont region, is estimated to be filling at 
an average rate of more than one-half of 1 per cent a year. 

A few reconnaissance measurements in larger reservoirs of New 
England have indicated almost negligible rates of filling, a fact considered 
significant because most of the watersheds arc 90 per cent or more in 
forest cover. Brief examination of some of the major reservoirs in the 
headwater tributaries of the Ohio River, north and east of Pittsburgh, 
have likewise indicated low rates of silting. Most of the larger reservoirs 
north of Virginia and east of Ohio are estimated to be losing only 0.1 
to 0.2 per cent of their capacity annually. Large parts of this region, 
particularly the reservoir watersheds, are forest-covered and are thus 
generally well protected against the ravages of soil erosion. However, a 
few reservoirs situated on large streams receive heavy loads of sediment. 

The Western Gulf drainage systems, covering most of Texas, are 
carrying particularly heavy loads of sediment and many reservoirs built 
on these streams are suffering high, often disastrous, rates of silting. An 
outstanding instance of severe silting revealed by surveys of the Soil 
Conservation Service is Lake Waco on the Bosque River at Waco, Tex. 
Built for municipal water supply in 1980 at an initial cost of more than 
$2,000,000 and storing originally 39,378 acre-feet of water, this reservoir 
had lost over 14 per cent of its original capacity by 1935. A resurvey in 
1936, when the reservoir was still less than 6 years old, showed a storage 
loss of 19.78 per cent, representing an average loss of 3,34 per cent a year 
and an actual loss of over 5 per cent of storage space, or 693,000,000 
gallons, in 11 months. If the average 6-year rate of silting continues, the 
reservoir capacity will be exhausted by about 1960. 

White Rock Reservoir at Dallas, Tex., costing $765,000, lost 21.38 
per cent of its original capacity of 18,158 acre-feet in 25 years, from 1910 
to 1935. A survey of Lake Worth on the West Pork of Trinity River near 
Fort Worth, Tex., made in 1928, showed that during the previous 13-year 
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period the reservoir had lost storage capacity at the rate of 2.3 per cent 
annually.^ This rate was materially reduced, of course, when large water- 
supply and flood-control reservoirs at Eagle Mountain and Bridgeport 
were constructed above Lake Worth, in 1932 and 1933. Even so, it is 
estimated that Lake Worth had lost 39 per cent of its capacity by 1937, 
over a period of 22|- years. 

The prodigious rates of silting in the Old and New Austin Reservoirs 
on the Colorado River at Austin, Tex., are historically noteworthy. 
Old Lake Austin was built in 1893 at a cost of $1,400,000^ and failed in 
April, 1900, during one of the heaviest floods of record on the Colorado. 
A survey made in January of that year showed that the reservoir had 
lost 47 per cent of its original capacity of 49,300 acre-feet in a period of 
only 6f years. The depletion of storage took place at the rate of slightly 
more than 7 per cent a year. In 1911, a new dam was built on the same 
site to replace the old structure. In 9 years, the new reservoir, with 
32,029 acre-feet original capacity, had lost 83 per cent of its storage and 
after 13 years had lost more than 95 per cent of its storage. 

The small municipal reservoir at Rogers, Tex., impounding 164 acre- 
feet of water and draining 350 acres of Black Belt land, entirely in cultiva- 
tion, lost 23.2 per cent of its capacity in 12 years. The accumulation 
represented an average loss of more than 19 tons of soil per acre from the 
entire watershed during this period. 

Lake Taneycomo on White River, Missouri, the second largest reser- 
voir and hydroelectric development in the state, with an original storage 
of 43,980 acre-feet, lost 46.08 per cent of its capacity in 22.4 years, 
representing an annual loss of 2.06 per cent of its original storage volume.^ 

Lake Decatur on the Sangamon River, Illinois, municipal water- 
supply reservoir for Decatur and second largest in that state, storing 
originally 19,738 acre-feet, lost 14.2 per cent of its capacity in 14.2 years. ^ 
Of the smaller storage reservoirs in Illinois, Lake Bracken at Galesburg, 
has filled nearly 8 per cent in 13 years; West Frankfort Reservoir, 8 per 
cent in 10 years®; and Lake Calhoun, a recreational center at Galva, 
52 per cent in 12 years.® 

^ Taylor, T. U. Silting of Reservoirs, Texas Univ. Bull. 3025, pp. 79-86, 1930. 

2 Schuyler, J. D. “Reservoirs for Irrigation, Water-power, and Domestic Water Sup- 
ply,” p. 245, John Wiley & Sons, Inc. 1901. 

® Kesler, T. L. Advance report on the sedimentation survey of Lake Taneycomo, Taney 
County, Missouri,®Soil Conservation Service (mimeographed), SCS-SS-8, 1936, 

^ Glymph, L. M., Jr., and Jones, V. H. Advance report on the sedimentation survey of 
Lake Decatur, Decatur, 111. Soil Conservation Service (mimeographed), SCS-SS-12, 1937, 

® Jones, V. H. Advance report on the sedimentation survey of Lake Bracken, Galesburg, 
111. Soil Conservation Service (mimeographed), SCS-SS-14, 1937. 

® Glymph, L. M., Jr., and Jones, V. H. Advance report on the sedimentation survey of 
Lake Calhoun, Galva, 111. Soil Conservation Service (mimeographed), SCS-SS-16, 1937. 
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The Keokuk Dam on the Mississippi River at Keokuk, Iowa, one 
of the first large power and navigation projects on the upper Mississippi 
River, built in 1913 with a capacity of 370,300 acre-feet, had lost 30.2 per 
cent of its capacity in 15 years, according to a survey of the Army 
Engineers.^ 

Surveys of 10 reservoirs in the Great Plains and central Kansas 
revealed an average silting rate of 1.20 per cent a year. All but two of these 
reservoirs were built within the last decade and had original storage 
capacities ranging from 519 to 3,213 acre-feet. 

In the arid Southwest, reservoir storage is perhaps of more critical 
importance than in any part of the country, since the very existence of 
the irrigation civilization is dependent on a continuous supply of stored 
water. Available information on rates of storage loss by silting in this 
region indicate that the concern so often expressed is fully warranted. 
The great Elephant Butte Reservoir on the Rio Grande, with an original 
storage capacity of 2,638,800 acre-feet, silted at the rate of 18,034 acre- 
feet, or 0.68 per cent annually, for the 20^ years from the beginning of 
storage in 1915 to 1935. Comparison with previous surveys indicates 
that the annual rate of silting declined during the period 1925-1935 from 
a previous average of approximately 20,000 acre-feet per year. If the 
present rate of filling is maintained, only about 80 years more will be 
required to reduce the capacity for storage of water to the normal annual 
draft required for present irrigation purposes; thereafter, a progressively 
increasing deficiency in water supply may be expected, unless in the 
meantime the serious erosion problem over the contributing watershed 
can be controlled. 

McMillan Reservoir on the Pecos River, supplying irrigation water 
for the Carlsbad project in New Mexico, had lost 55 ^ per cent of its 
capacity of 90,000 acre-feet by 1932, when it was 38 years old. It is 
significant, however, that the rate of silting in this reservoir has been 
continually declining since 1912 as a result of the natural spread of 
dense thickets of tamarisk above the reservoir, which have the effect of 
holding back silt. The initial rate of filling of 2.14 per cent a year had 
declined to 0.31 per cent during the period 1925-1932. Zuni Reservoir, 
supplying water for the irrigation project on the Zuni Indian Reserva- 
tion, in New Mexico, lost 76 per cent of its original capacity of 14,800 
acre-feet in 21'|- years from the date of its construction in 1906. 

Surveys in southern California made after the exceptionally severe 
flood of Mar. 2, 1938, showed great damage to orchards by deposition of 
silt and boulders (Fig. 90) and disastrous rates of reservoir silting.® 
Santa Anita Reservoir in Los Angeles County, built in 1928 for flood 

^ Stevens, J. C. The Silt Problem, Am. Soc. Civil Eng. 7'ram., Vol. 101, p. 210. 

^ Burke, M. F. Flood of March 2, 1938. Los Angeles County Flood Control District 
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control with an initial capacity of 1,043 acre-feet, lost 31.35 per cent of 
its capacity during this one storm. During the preceding 10 years, it lost 
altogether only 3.17 per cent of its capacity. 

Most of the California reservoirs are located in mountainous regions 
where watershed protection is good as long as the original forest and 
chaparral covers are maintained. When the cover is removed by fire or 
cutting, a very serious erosion and runoff hazard is established. In 1926, 
the chaparral cover was burned off the watershed of Lake Harding, in 
southern California. Following the fire, in February, 1927, a series of 



Fig. 90. — Citrus orchard damaged in 1938 by deposition of silt and rocks on delta cone 
of mountain canyon. Note size of boulders transported by the flood. {Photograph by Soil 
Conservation Service.) 


heavy rains occurred which caused severe erosion of the denuded loose 
granitic soils and practically filled the reservoir within a period of a 
single month. Previously, the reservoir had silted to only a negligible 
degree. 

Source of Material 

The common belief that bank erosion along the shoreline and soil 
washing along the immediate slopes leading down to the shore are 
responsible for much of the filling of reservoirs has been shown to be 
incorrect. An investigation of Black Canyon Reservoir at Emmett, 
Idaho, shows that only 4 acre-feet of sediment has come into the lake 
from approximately 11,000 feet of wave-cut shoreline. This amount was 
only 0.1 per cent of the total accumulation of 4,037 acre-feet in the lake, 
as of 1936.^ It was found in 1936 that of the total accumulation of 2,808 

^ Hough, J . L., and Flaxman, E. M. Advance report on the sedimentation survey of 
Black Canyon Reservoir, Emmett, Idaho. Soil Conservation Service (mimeographed), 
SnS-SS-19. 19.37 
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acre-feet of sediment in Lake Decatur, Illinois, only 4 acre-feet came 
from the rather widespread shoreline erosion. 

No reservoir has been found where more than 1 per cent of the total 
sediment has been derived from wave cutting or from soil wash on the 
immediate slopes above the reservoir. The bulk of the material obviously 
is derived from the intake of silt-laden stream wa.ter. 

Sedimentation in Channels 

Harmful sedimentation occurs not only in reservoirs but commonly 
also in channels where the coarser parts of stream-borne materials 
accumulate faster than the stream can move them. Such deposits tend 
to accumulate chiefly in those places where the velocity of flow is de- 
creased for any reason, as immediately above the heads of deltas or at 
the mouths of relatively steep tributaries that enter a master stream of 
markedly lower gradient. Such accumulations contribute to increased 
overflow; higher water-table levels, with consequent waterlogging or 
swamping of adjacent valley lands; and increased overbank deposition 
of material that may be harmful to the alluvial soils. 

One of the most striking instances of the relation of channel sedi- 
mentation to flood control and land-drainage problems is furnished by 
the conditions in the Middle Rio Grande Valley, in central New Mexico. 
Here, a population of about 55,000 has depended chiefly on irrigation 
with water taken directly from the river. 

^"Much of the drainage area tributary to the Rio Grande has been so 
heavily used for grazing that severe erosion is contributing greatly 
increased quantities of silt to the converging flood waters. As a result, 
the channel is filling at an alarming rate (Fig. 01), at least in the lower 
part of the Middle Valley, where the only accurate records are available. 
Immediately above the head of Elephant Butte Reservoir, the river bed 
is steadily rising with the inpouring products of erosion; flood damage is 
increasing; and waterlogging is ruining the former productive alluvial 
plain. The town of San Marcial, which had a population of over a thou- 
sand prior to 1929, is now almost abandoned. Since 1914, when Elephant 
Butte was built, the bed of the Rio Grande a short distance above the 
head of water in the reservoir had risen an average of about lf3 feet. Two 
miles upstream, just above San Marcial, the increase in level was about 
7 feet during the same period. In view of these conditions, it is not sur- 
prising that dikes built to protect the town and adjacent irrigated lands 
have been oveidoppcd repeatedly and broken by flood waters, with dis- 
astrous results. The former irrigated fields west of the river were almost 
completely converted into swamp as a result of a severe flood in 1929. 
In the spring of 1937 the Rio Grande broke out of the flood way to which 
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it had been confined by dikes and took a new course directly across the 
remaining irrigated lands lying east of the river. 

Channel filling has also been rapid where the Rio Grande is joined 
by one of its principal tributaries, the Rio Puerco, some 50 miles above 
San Marcial. The Puerco, draining a large area of eroding range land, is 
delivering silt to the Rio Grande more rapidly than that stream can 
remove it. As a result, flood waters in the spring of 1937 overtopped 
and washed out the levee and portions of a paved highway and converted 
hundreds of acres of pasture land into a sandy waste. Much formerly 
irrigated land near the village of Contreras has become swampy, because 
the water cannot be drained into the river now flowing at a level above 
that of the fields. 




Fig, 91. — Complete filling of cliannel under San Antonio bridge across the Rio Grande in 
central New Mexico. (JPhotogra'ph hy the author^ 


The filling of drainage canals and ditches is a serious form of channel 
sedimentation in many localities, as in a number of drainage districts of 
northern Mississippi (Fig. 92) and western Tennessee. Many of the 
ditches have been largely or completely filled with sand derived from the 
eroding uplands. In the Wells Drainage District of Lafayette County, 
Mississippi, three-fourths of the canals, dug at a cost of $71,000 in 1920, 
were completely filled with sand by 1936,i although special taxes to pay 
off the bond issue continue at least until 1943. The rate of filling of the 
other canals has been estimated to amount to an average monthly 
damage of $500, on the basis of the original investment, without including 
the damage to adjoining valley lands. 

Happ, S. C. Fertile Valleys Laid Waste by Upland Erosion, Soil Cons., Vol. 2, No. 9, 
1937. 
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In the Obion and Forked Deer Drainage basins in western Tennessee, 
according to a report of the State Planning Commission,^ drainage 
canals dug at a cost of nearly 6 million dollars during the period 1910- 
1930, are largely ineffective, partly because of sedimentation. The damage 
here is reported to include development of serious malarial conditions 
adjacent to the swamped valleys and ponded streams as well as destruc- 
tion of standing timber and abandonment of cultivated fields due to 
waterlogging and overspreading of sand. 

On the upper Mississippi, channel sedimentation involves heavy 
expenditures for dredging operations to maintain a navigable channel 









Pig, 9^. — Three generation.s of fence posts that illuslraLc the progressive filling of 
Hurricane Creek Valley, Lafayclle CoimLy, Mississippi. {Photograph by flail Conscrmtion 
Service,) 

and also contributes to flood damages in tributary valleys. Although 
accurate data are not available to show the rates of channel filling, numer- 
ous accounts of early settlers and old residents testify to a large increase 
in turbidity of the streams that drain the adjoining uplands, where soil 
erosion has become very active since the clearing of forests and cultivation 
of the sloping lands. These streams now deliver large quantities of sedi- 
ment to aggravate the problem of channel maintcuiance. In many in- 
stances the tributaries bring down the products of erosion faster than 
the material can be removed by the Mississippi and hence are building 
up the lower parts of the side valleys. In these areas of tributary aggrada- 

1 Tennessee State Planning Comm. The Obion River and the Forked Deer River Water- 
sheds. 1930. 
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tion, channels are inadequate to carry the higher flows, so that flooding 
is causing much damage. As the filling progresses upstream, flood damage 
is increasing, and considerable areas of valley lands are being swamped 
by the rising ground- water table. 

In a compilation of characteristics of navigable streams, the Prelimi- 
nary Report of the Inland Waterways Commission in 1908^ stated con- 
cerning the Pearl River of Mississippi: 

‘‘Pearl River has completely changed its character in the last half century; 
from a slow, clear stream it has become a swift, muddy one, and from a good 
channel with a depth of five or six feet it is now shallow and much obstructed 
with drifts and logs. This rapid filling is due to the washing of the sandy uplands 
that have been opened up along the stream, with consequent choking of the 
river channel.” 

Concerning the Tallahatchie, a tributary of the Mississippi River, 
Lowe, then state geologist,^ wrote: 

“The Tallahatchie was formerly a navigable stream. Even as late as 1900 a 
small steamer drawing four feet of water plied on the Tallahatchie from Batesville 
downstream. Now the stream is choked with sand bars, and can be easily waded 
at almost any place. ...” 

A condition of silt debris common to the uplands of the loessial region 
along the Missouri River in western Iowa is cited by TowP as follows: 

“ Silt deposits in ditches result in great damage to drainage districts and even- 
tually affect railroads and other interests. For instance, in Fremont County, 
Iowa, the Burlington Railroad raised its main line 7 feet at a cost of $36,000 to 
permit the construction of the Plum Creek floodway ditch to carry silt directly 
to the Missouri River. In Woodbury County, Iowa, the C. M. & St. P. Railway 
has recently raised its bridge over the west fork of the Little Sioux River, and is 
planning other works, on account of drainage ditches which have been reduced 
in capacity by silt deposits.” 

In southwestern Kansas, the bed of the Arkansas River has risen as 
much as 5 feet in a period of forty-five years, according to Meeker,^ who 
cites this as “indicative of heavy sand and silt burden resulting from 
erosion induced by settlement.’’ 

^ United States Congress. Preliminary Report of the Inland Waterways Comm. 60th 
Cong., 1st Sess., Senate Doc. 325, p. 65, 1908. 

2 Lowe, E. N. Reforestation, Soil Erosion and Flood Control in the Yazoo Drainage 
Basin, 4th Southern Forestry Cong. Proc., Voh 4, pp. 10-11, 1922, 

3 Towl, R. N. Silt and Silting Basins on Drainage Works, abs., Eng. News, Vol, 92, 
pp. 488-489, 1924. 

^ Meeker, R. I, Discussion of Silting of the lake at Austin, Texas, Am. Soc. Civil Eng. 
Trans., Vol. 93, pp. 1681-1735, 1929. 
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Sedimentation on Bottomlands 

In parts of the headwater section of the Yazoo Basin of northern 
Mississippi, sand deposition in minor valleys as a result of accelerated 
soil erosion was described as seriously harmful by State Geologist E. W. 
Hilgard^ as early as 1860, only about twenty years after the area was 



Pig, 9S, — Twenty inches of cross-be<l(lccl, flood-deposited sand over product ive alluvium 
(Congaree fine sandy loam). North Tyger Iliver, South (Carolina, The original soil now 
buried was formerly cultivated. {Photograph by Soil Conservation Service,) 

settled. Recent investigations in the same area show severe damage to 
bottomlands in a north-south belt in which the sandy Holly Springs 
formation outcrops or has been exposed by gullying. In many places the 
original thin mantle of loess has been removed by erosion since the 


^ Hiigard, E. W. Report on the Geology and Agriculture of the State of Mississippi. 
Jackson, Miss. 1800 . 
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agricultural occupation of the area, but most of the sand debris is derived 
from the many gullies that have incised the formation. 

In the southeastern Piedmont, especially through the Carolinas and 
Georgia, accelerated sedimentation has reduced the capacity of the 
stream channels and thus caused more frequent flooding of the bottom- 
lands. Also, a large part of the first bottoms, particularly of the narrower 
bottoms which formerly were highly' productive, fine-textured soils, 
has now been covered with comparatively infertile sand (Fig. 93) and 
gravel. Much of this formerly cultivated land has been changed to a 
condition of swampiness. These conditions are recorded in numerous 
soil survey reports, from one of which the following typical description is 
taken^: 

“Some of the areas mapped as Meadow were originally good areas of Congaree 
silt loam or Congaree fine sandy loam over which a mixed covering of sandy 
material has been deposited following the clearing of adjacent hillsides. The 
bottom land of Mill Shoal Creek about a mile from the county line is typical 
of this condition. It was reported that all the bottom was cultivated and the soil 
was Congaree fine sandy loam years ago. At present the bottom land is a sandy 
wash with poor drainage and is covered with alders and willows. ...” 

In and adjacent to the unglaclated portion of the Upper Mississippi 
Valley, comprising a large area in southwestern Wisconsin and adjacent 
sections of Minnesota, Iowa, and Illinois, damage by sedimentation on 
valley lands frequently takes the form of accumulation of alluvial fans 
about those points where gullies and streams debouch upon larger 
valleys of lesser gradient. More than a thousand acres of bottomland 
along the Zumbro River, southeastern Minnesota, have been covered 
with alluvial-fan deposits to such depths as to reduce the productivity 
by an estimated average of 80 per cent. In one instance, as the result of 
a single storm which produced excessive erosion within the basin of a 
tributary, an area of 600 acres in the Zumbro Valley was covered with 
sand and silt to depths up to 5 ft. 

Damage by overwash and development of alluvial fans is not confined 
to the land but frequently necessitates considerable repair and mainte- 
nance work on highways. In Winona County, Minnesota, for example, it 
was reported recently that the average cost of removing such material 
from the county and township highways amounted to approximately 
$30,000 annually. 

Deposition of fine material from irrigation water is troublesome to the 
water users of many irrigation districts, because fine silt and clay de- 
posited on the land by irrigation water reduces permeability by clogging 

^ Fuller, G. L., and Hendrickson, B. H. Soil Survey of Elbert County, Georgia, U. S. 
Dept. Agr. Bur. Chem. and Soils (Series 1928) No. 15. 
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of the soil pores. Fortier and Blaney^ quote M. J. Dowd, general super- 
intendent of the Imperial Irrigation District in California, to the effect 
that: 

“The silt in the water increases the difficulties of raising certain kinds of 
crops. In the case of alfalfa grown on the harder type of soil with little fall to the 
land, the silt depositing a thin film seals the ground surface, thus increasing 
the length of time the water stands on the land after an irrigation and during the 
hot summer this results often in the scalding of the alfalfa. In the case of lettuce 
and cantaloupes which are furrow-irrigated, it is a common occurrence for a 
farmer to run water in a furrow for several days trying to ‘sub’ the moisture 
to the top of the hill and often before this is accomplished it is necessary to shut 
off the water, break up the film of deposited silt on the bottom and sides of the 
furrow, and then turn the water on again.” 

In the same report, they state further that: 

“It is estimated that the annual expense to the farmers of Imperial Valley 
caused by silt averages an acre. Applying this cost to the acreage irrigated 
by 19S24, and adding thereto the cost of canal cleaning, brings that year’s cost 
of silt disposal and control in its various forms above $1,333,000.” 

Silt-detention Basins. Detention of the finer fractions of eroded 
soil in silting basins has resulted in the building of excellent farm land in 
some localities. The Bennett desiltiug basin on W^ilson Creek, ^ in east- 
central Washington, provides for both irrigation and fertilization of the 
formerly poor soil of a bottomland farm. A dam 30 feet high across this 
valley has an outlet gate at its base which permits the basin to be com- 
pletely drained. The mean annual precipitation in the watershed is less 
than 8 inches, and the creek is usually dry except during a few weeks in 
the spring when melting snow frequently produces a flood. The flood 
water is held in the basin for about two weeks, thus saturating the soil 
sufficiently to provide moisture for the jiroduction of an excellent crop of 
winter wheat and two or three crops of alfalfa during summer. Erosional 
material derived from the silty uplands is deposited in considerable 
quantity. A survey of the basin showed that 470 acre-feet of silty material 
has been deposited on the 345 acres within the basin in 18 years. Fertility 
tests made by the pot-culture method at the State Agricultural Experi- 
ment Station indicate that the newly deposited sediment is more pro- 
ductive than either the original valley soil or the upland soil from which 
the material is derived. 

^ Fortier, S., and Blaney, H. F. Sill in the Colorado River and Its Relation to Irrigation, 
V. S. Dept. Agr. Tech. Bull. 67, 1928. 

^ Hough, J. L., and Flaxman, E. M. Advance report on the sedimentation survey of the 
Bennett irrigation and silting basin, Wilson Creek, Washington. Soil Conservation Service 
('niirneouraDhedb SCS-SS-27. 1938. 
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Another type of silt-detention basin, designed primarily to prevent 
sedimentation damage to valley lands, is represented by a £6. 6 -acre 
debris basin on the Missouri River flood plain in Doniphan County, 
Kansas.^ Here an area of 4,300 acres of productive bottomland was being 
damaged by local flooding caused by filling of the drainageways with 
soil washed from the adjacent uplands. The principal stream carrying 
material down over this area is Chase Creek, with an upland drainage area 
of 1,011 acres. In 19£0, a debris basin was formed by constructing a dike 
approximately 6 feet high around an area of £6.6 acres along the foot of 
the bluff where the creek issues from the highlands. The creek was 
diverted into this area and provisions were made for drainage of surplus 
water along the edge of the bluff into the river. This produced a stilling 
basin for flood waters coming from the small watershed of Chase Creek, 
and permitted the deposition of the sediment over the diked area. In ten 
years, from 19£0 to 1930, the basin accumulated 135.6 acre-feet of soil, 
representing the equivalent of a loss of 0.13 foot of topsoil from the 
entire watershed. The material deposited in the debris basin ranged from 
£.8 to 8.£ feet deep and proved to be exceedingly productive. It has 
produced from 65 to 80 bushels of corn per acre and correspondingly high 
yields of vegetables. 

Correlation of Sedimentation Data with Watershed Conditions 

Although sedimentation surveys indicate the places and extent of 
damage by erosional debris, they do not necessarily serve as a basis for 
planning control programs for the contributing watersheds, unless 
correlated with the silt-producing areas revealed by surveys of the 
entire drainage basin. 

Within any part of a major watershed, the contribution of a unit area 
to sedimentation downstream may be quite different from what would 
be indicated solely by the extent of upland erosion as delineated on a 
conservation survey map. 

The greatest contribution to reservoir silting may be from erosion of 
stream banks and roadside ditches or other nonagricultural areas. Hence, 
a conservation program planned solely for protection of farm land may not 
at the same time accomplish maximum reduction in the sediment load of 
streams or in sediment damage. Likewise, the degree of past erosion, as 
shown by conservation surveys, may not be a complete index to the most 
prolific agricultural sources of sediment at the present time. Yet down- 
stream water-storage values may justify and demand the control of soil 
erosion in critical areas of sediment production to an even greater extent 
than the agricultural interests of the watershed will economically justify 
treatment solely on the basis of land values. 

^ Brown, C. B, Protecting Bottom Lands from Erosional Debris: A Case History, Soil 
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In some watersheds, mineralogical analyses of sediment samples 
collected from the delta areas of a reservoir and from stream beds are 
helpful in indicating the primary sources of beddoad material. Exami- 
nation of the material of recent flood-plain deposition may lead to 
identification of the particular parts of a watershed that, because of their 
heavy contribution of silt, may need special control treatment. 

Much sediment is transported so slowly from its point of origin in 
some watersheds that it has little significance with regard to deposition 
in reservoirs. Large quantities of silt, produced by slope wash in some 
watersheds, are deposited on lower slopes and alluvial plains far above the 
reservoir and there stabilized indefinitely by voluntary vegetation. In 
other instances, the main inflowing streams, eroding unconsolidated 
terrace deposits, carry the debris immediately into the lake basin. Such 
erosion may be prevented by installation of rip-rap or a protective vege- 
tative cover on the actively eroding areas. In some places, the establish- 
ment of a barrier of trees, grass, or shrubs across the flood area near the 
head of water or delta area has served to reduce greatly the amount 
of sediment entering the reservoir. 

The extent of sediment damage to downstream resources is, of course, 
an important factor in determining total costs that are justified for 
erosion control, especially for determining the extent of the public interest 
in such control programs. This, however, is not the only relation between 
the two problems. Valley alluvial lands arc generally not subject to 
severe erosion and thus offer relatively advantageous sites for develop- 
ment of a permanent type of agriculture. They may be potentially the 
best lands of a locality, provided the streams that they border can be 
kept under reasonable control and irrigation water can be stored, where 
needed. The reclamation of alluvial lands, therefore, offervS one potential 
outlet for some of those farmers at present cultivating unprofitably poor 
hill lands. 

In some foreign countries, infertile or swampy bottomlands have 
been brought into productive use by covering them with silt deposited 
from streams directed over the areas so as to lay down the more fertile 
finer fractions of the stream load (see Chap. IV, Part 1, ‘‘The Assorting 
Effect of the Erosion Process’^'). In some instances, reservoir silt has been 
used for crop production or as a top dressing for improvement of less 
fertile soils located relatively nearby. In some parts of the irrigated or- 
chard districts of southern California, the rich silt that collects in small 
irrigation reservoirs is regularly removed during the period when the 
reservoir is not in use, hauled to the orchards, and spread around the 
trees. However, such utilization of silt is exceptional in the United States; 
but with decreasing soil resources, some localities may be forced to make 
use of this waste prod\ict of erosion. 





Chapter XIL Mass Movement an 
Important Process of Soil Wastage 


Mass movement of soil is not only an important factor in the denu- 
dation of land under natural conditions, but it also plays an important 
role in the acceleration of soil removal as the result of man’s activities. 
Such movement involves a group of interrelated processes, many of 
which are intimately associated with soil erosion.^ 

Under natural conditions, the part played by mass movement and 
its involved processes varies greatly with the climate, slope, soil, rock 
type, and physiographic characteristics of the land. In areas where large 
landslides have occurred, the power of mass movement is easily recog- 
nized. Where slumping and earthflows or mudflows are common phenom- 
ena, the effect of mass movement in shaping the landscape is clearly 
identified. But downhill movement of soil by the slower and less obvious 
process of soil creep is likely to escape notice unless it is given special 
attention. Such inconspicuous movement, however, may equal or exceed 
in importance the spectacular displacements of large masses. 

A clear understanding of all types of land movement is essential to a 
proper interpretation of soil removal under natural conditions. Such 
information is needed by those who are engaged in the control of acceler- 
ated soil displacement as the result of man induced conditions. What 
effect conservation measures may have on mass movement must be con- 
sidered. Water conservation by terracing, for example, probably should 
not be attempted generally on hillsides subject to serious slippage. In 
other words, measures employed for soil and water conservation must 
be adjusted to local hazards of mass displacement wherever such hazards 
are known to be serious. 

Mass movements may be divided into those that take place by 
fiowage and those that take place by slippage. The distinction is not 
always sharply defined, but it is a useful one, closely related to the causes 
of the displacements. 

^ Sharpe, C. F. S. “Landslides and Related Phenomena.” New York. 1938; What Is 
Soil Erosion? U. S. Dept. Agr. Misc. Pub, £86, 1938. 
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Soil Creep 

The most nearly universal but least spectacular type of mass move- 
ment is soil creep, a form of slow flowage. It has been defined by Sharpe 
as the ‘‘slow downslope movement of superficial soil and rock debris, 
usually imperceptible except to observations of long duration.*’^ Creep 
is effective with large fragments of rock as well as the finest textured soils. 
It is essentially a surface phenomenon, extending to a depth of only a few 
feet, but it transports vegetation and also man-made structures. Its 
rate of movement depends on slope, character, and water content of the 
material, climatic conditions, and vegetative cover. It operates on forested 
land as well as on bare or grass-covered areas and is one of the processes 
that keeps soil profiles on slopes thinner than on level land. Soil creep 
beneath a cover of vegetation is believed to be one of the major factors in 
producing the smoothly rounded topography characteristic of humid 
lands under natural conditions. Unlike stream erosion and gullying, this 
process of soil removal often proceeds over the entire interstream areas. 
Sheet washing also operates over the whole surface but is effective only 
where there is little or no protective cover of vegetation. 

Cultivation of the land by man modifies soil creep in several ways. 
Removal of natural vegetation increases the rate of runoff and reduces 
the amount of surface water to enter and “lubricate'" the soil. This tends 
locally to retard the rate of creep. With the cutting of gullies and the 
deepening of stream channels, however, slopes are steepened, and the 
rate of creei) near the channels is increased.^ 

Evidences of creep arc commonly overlooked. One of the most obvious 
is the curvature of trees whose trunks are concave on the uphill side, 
owing to the contest between downslope Lilting of their bases and the 
tendency of their crowns to grow vertically. Fence posts arc often tilted 
downslope and sometimes are so moved out of alignment that one fence 
line will be abandoned altogether and a new set of posts installed a few 
feet farther up the hillside. Movements of telegraplx and telephone poles, 
gravestones, and other monuments and the tilling and fracturing of 
retaining walls often give a key to the activity of soil creep. 

The movement, however, often is obscured by vegetation, or it may 
take place largely beneath the surface. (.h*cop is believed to play an im- 
portant part in the formation of the shallow crescentic scars found in 
parts of the Great Plains from Texas to Montana and sometimes spoken 
of as “stepped crescents” (Fig. 94). These scars are commonly attributed 

^ Sharpe, C. F. S. “Landslides and Related Phenomena.” New York. 1988; What la 
vSoil Erosion? U. S. Dept. Agr. Miac, Pub, 286, 1988. 

2 Lowderinilk, W. 0. Acceleration of Erosion above Geologic Norms, Am. Geophys. 
Union, Trans., pp. 505“509, 1084. 
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to the effects of sheet wash and overgrazing. The latter undoubtedly is an 
important factor in their formation, but sheet wash seems to play little 
part. The process, so far as it is now known, is a combination of down- 
slope flowage of the soil beneath the sod and a vertical or almost vertical 
downsinking of the surface immediately within the crescent. 

The importance of creep in other areas has been pointed out by 
Sauer,^ who believes it to be the major factor in forming the ‘‘dales” 
of parts of California. These small depressions, normally lacking channels 
and characterized by rounded floors, he says, are the normal small valleys 



Fig. 94. — Low crescentic breaks — “stepped crescents” — on a 7 per cent slope in Chouteau 
County, Montana. {Photograph by Soil Conservation Service.) 


of California and of large sections of the Southwest, The dale is gently 
concave, where typically developed, and its surface passes smoothly into 
the flanking slopes. It is in no sense stream-cut but is both formed and 
maintained by mass movement. The weathered products from the dale 
slopes are evacuated entirely by gravity in the form of a soil flowage down 
the flanks. Sauer^ states that: 

“By continuation of weathering the soil particles are broken down more and 
more. By growing finer they become more easily moved and thus make more 
unstable the slopes on which they are forming. Growth in thickness of weathered 
cover, of course, also increases instability of slope. Lubrication by wetting facili- 
tates movement in mass down grade. Continuing, though not continuous, down- 

^ Sauer, Carl. Land Forms in the Peninsular Range of California as Developed about 
Warner’s Hot Springs and Mesa Grande, Univ. California, Geog. Jour.^ Vol. 3, pp. 210, 212, 
1929. 

^ Sauer, C. O. Land Resource and Land Use in Relation to Public Policy, Sci. Advisory 
Board Rept.^ p. 184, Washington, D. C., 1934. 
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grade migration of soil appears to be characteristic of all slopes under normal 
processes of degradation, and such, a slope is a momentary curve of balance, a 
surface of slow transport. . . . Observations now under way in California have 
found measurable displacement of every point staked out in the lapse of a year, 
with large differences in relative movement and apparently consistent variation 
in mobility of surface.’’ 

It is the opinion of Penck ^ and others that the character of vegetation 
has little influence on the rate of soil creep and that colloidal materials 
and other fine soil particles can pass through the network of roots with 
ease, even on forested slopes. According to his observations, coarser 
materials move less readily; but as the root mat is shallow and has its 
greatest effect within 10 centimeters of the surface, creep is not greatly 
retarded. 

The causes of soil creep vary in different regions, and the character of 
movement differs accordingly. Normally, it progresses by a multitude of 
minute lAovements of the individual particles or aggregates. Frost is one 
of the most active agents, both by its wedging action and by its upward 
heaving. Where there is sufficient soil moisture, a freeze will produce 
layers oj needle ice^ or sfew Jrost,^ which will lift the overlying soil and 
vegetation as much as several inches. Melting of the ice during the suc- 
ceeding thaw allows the heaved soil to settle downward again. Although 
this process is very common, it may escape notice on lands having a 
good turf. The spongy feeling underfoot after a thaw is a clue to what has 
been going on beneath the surface. On bare groixnd, as on the walls of 
road cuts and gullies, the formation of this needle ice, or spew frost, can 
be observed readily. When the temperature drops below freezing, the 
ice crystals can be seen growing perpendicular to the slope to a height of 
1, 2, or even S or more inches, carrying up with them a layer or crust of 
drier soil particles, stones, twigs, and miscellaneous debris (Fig. 95). 
Successive freezes unaccompanied by complete thawing may cause addi- 
tional stages of growth of the icc crystals. As the ice melts and the layer 
of raised material is let down, the place where it will come to rest will 
depend in part on the slope of the ground. On perfectly level surfaces, the 
material may return to approximately the point from which it was raised. 
On a slope, however, the action of gravity tends to deposit the particles 
farther down the slope than they were originally. Sharpe*'^ reports that it 


1 Penck, Wallher. Die morphologischc Analyse, Geographische Abh. (2d lleilie), Ilel'L 2, 
pp. C5“68, vSlnttgarl, 1924. 

* Bennett, H. H. Soil Erosion and Elood Control. Lectures before II. S. Dept. Agr. 
Graduate School. Soil Conservation Service (mimeographed), SCS-TP-7, 1928. (See 
Lecture 2, pp. 1-2.) 

3 Sharpe, C. F. S. “Landslides and Related Phenomena.” New York. 1938; What Is 
Soil Erosion? U. S. Dept. Agr. Misc. Fuh. 28G, 1938. 
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is common for the ice crystal to melt first at its base so that, instead of 
allowing the particle that it had lifted to return vertically downward, the 
crystal falls downslope and deposits the solid matter at least the length 
of the crystal farther down the incline (Fig. 96). 

This process of soil transportation is particularly effective under a 
climate characterized by frequent alternation of freeze and thaw. Its 
effect in loosening the surface of clayey soils is commonly seen in the 



Fig. 95. — Needle ice, or frost crystals, 3 inches high on a steep slope in South Carolina. 
Melting at the bases of the crystals allows the ice and the thin layer of soil and debris it 
carries to fall downslope. {Photograph by Soil Conservation Service,) 

Southeastern States. The walls of gullies and road cuts often exhibit a 
distinct line of separation. Below the line, where more moisture is present, 
an abundant coating of spew frost is formed; but on the relatively dry 
soil above, the process is not effective. On slopes of sufficient steepness, 
where frost crystals and their load of soil and debris slide or roll to the 
bottom of the incline, the amount of material accumulated is often 
considerable. Depending on its frequency of repetition, this process of 
mass movement by frost may be highly effective in causing the removal 
of soil and the recession of the walls of ditches and gullies. 
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Many other processes take part in the downhill creep of the soil. 
Wedging by the growth of plant roots, prying by the swaying of trees in 
the wind, the upturn of soil by the roots of falling trees, compaction by 
the walking of animals, filling of holes made by animals and of cavities 
left by decaying vegetation, expansion and contraction caused by heating 
and cooling or by absorption and desiccation, all tend to move material 
slowly down the slope. Even the disintegration of rocks and the crum- 
bling of clods and other soil aggregates contribute to the downhill mass 



Fig, 96. — A particle at position 1 is lifted perpendicular to the slope to position 2 by 
the formation beneath it of needle ice, or spew host. Gravity would let the particle fall to 
approximately position 3, but because the crystal melts first at the base and falls downhill 
as a unit the particle reaches the ground at position 4. On a sleep slope it is likely to roll 
or slide to position 5. 

migration of the soil. Movement brought about by man through culti- 
vation is a particularly important factor. Where the ridge is thrown 
always to the downhill side, each plowing may move the surface soil 
several inches or a foot or more down the slope. Movement produced in 
this way far exceeds the normal rate of creep for surface soil under 
natural vegetation. 


Solifluction 

In the colder climates at high altitudes or high latitudes, where the 
soil is frozen to considerable depths for long periods, solifluction rather 
than the common soil creep is the dominant type of mass movement. 
Owing to its climatic restrictions, this powerful process, with its associated 
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polygonal soils, stone rings, stone stripes, and other land forms, is of only 
secondary importance to agriculture and will not be discussed here. 

Other Forms of Soil Flowage 

The more rapid forms of soil flowage common to temperate climates 
may be described as earthflows, debris avalanches, and mudflows. These 
differ from creep and other types of slow flowage in that their movement 
usually is perceptible to casual observation. In some parts of the country, 
rapid flowage movements are the outstanding processes in the sculpturing 
of the landscape. Such movements are active both in humid and in semi- 
arid climates but usually can be correlated closely with precipitation and 
therefore are most common at particular seasons of the year. 

Earthflows 

Earthflows are especially abundant in a large area of hilly to moun- 
tainous country in the southeastern Ohio, West Virginia, and south- 



Fig. 97. — ^Longitudinal section through a typical hillside earthflow, showing the association 
of flowage in the lower part with slippage of slump type higher on the slope. 

western Pennsylvania sections of the Appalachian Plateau. The principal 
soils of this region, such as the Muskingum, Westmoreland, Meigs, and 
Upshur, are derived largely from shales and sandstones interbedded with 
coal seams and thin limestones. Movement of ground water through the 
basal rock appears to be controlled largely by the impervious fire clays 
that occur beneath the coals, as indicated by the seepage commonly 
occurring where these beds outcrop on hillsides. Following protracted 
rains, masses of locally saturated soil often move downhill as earthflows, 
commonly known as slides, or slifs. 

In the movement most typical of this region, flowage is dominant in 
the lower part of the disturbed area; slumping is the major process along 
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the upper side; and the central part shows characteristics of both (Pigs. 
97 and 98). At the downhill terminus of the movement, surface soil and 
vegetation are forced upward in one or more ridges. This bulging toe may 






Fig. 98. — An earthfiow which resulted from the heavy rams oi January, 1987. luscarawas 
County, Ohio. (Photograph by Soil Comervation Service.) 












Fig. 99. — Slumping at the head of the earthfiow shown in hlg. 98, Tuscarawas (’ounly, 

Ohio. 


rise 6 feet or more above the ground level and, dejicnding on the material 
and degree of wetness, may be smoothly rounded or broken into irregular 
blocks and ridges. If the moving material is very wet, water and mud 
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frequently break through the bulge and flow downhill. The area of slump- 
ing at the head of the disturbance is broken into a series of blocks bounded 
by bare scarps (Fig. 99). Individual blocks sometimes move downward 
and rotate toward the slope, so that they tilt backward or at least have a 
lower angle of inclination than in their original position. Between the 
bulging toe and the area of slumping, the ground often appears to have 
been little disturbed, or it may be badly broken and disordered, with some 
blocks protruding upward and others sunk beneath the general level. 
In earthflows complicated by more than one stage of movement, there are 
commonly some duplication and overlapping of the three zones. 

Few of the earthflows in this Eastern area are more than an acre in 
size, but a single hillside may show traces of many flows. Some slopes have 
a peculiar choppy or benched configuration as the result of repeated flows 
over a long period. 

Earthflows are most frequently seen in pasture land, but they are also 
found in wooded areas. For the reason explained above, they seldom occur 
on cultivated land. Cultivation favors soil removal by surface washing 
rather than by mass movement. 

In various parts of the country, earthflows not only cause considerable 
inconvenience to agricultural operations but result in the actual loss of 
tillable land. On the basis of present knowledge, it appears that the best 
method of handling such displacements is to smooth over the areas and 
seed them to grass. If the fractures along the slip planes are allowed to 
remain open, they serve as channels by which water enters the ground to 
promote further movement. Unfortunately, the best treatments for the 
prevention of mass movement do not always accord with the best methods 
for promoting plant growth or preventing surface erosion. Probably the 
best solution generally would be to install stone or tile drains on those 
slopes known to be particularly susceptible to mass fiowage of soil, but 
such procedure seldom is practicable. 

In the Palouse Wheat Belt of Washington, Idaho, and Oregon, earth- 
flows are of common occurrence on steep northward slopes following 
rapid melting of snowdrifts formed along the brink of such slopes. Strips 
of trees and shrubs planted over these critical areas have had the highly 
beneficial effect of distributing the snow so as to prevent deep accumu- 
lations. This has reduced erosion markedly on the slopes below and also 
appears to have affected favorably the hazard of slides. Earthflows, or 
“flow slides,'' as they are sometimes called by engineers, have been 
particularly destructive to highways, railroads, and other engineering 
works in the Ohio- West Virginia-Pennsylvania region. Various measures 
have been employed in attempts to retard or prevent such slides. Rows 
of wooden piles driven near the base of the disturbed area generally have 
failed after short periods, either by being moved out of alignment or 
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by being sheared o£E underground. A more successful modification of that 
procedure has been the use of well casings set 6 or 8 feet into solid rock 
and filled with reinforced concrete. One or more horizontal rows with the 
piles spaced several feet apart at the base of active areas have been suc- 
cessful in retarding and sometimes in stopping these movements. A 
somewhat simpler and fundamentally more sound procedure is the use of 
intercepting trenches or drains which prevent water from reaching the 
sliding area by removing whatever water falls directly above. ^ 

Earthflows are of importance in many other areas. One of the most 
striking of these is the Gros Ventre River Valley in Wyoming where an 
area extending more than a mile up the hillside began moving some 30 
years ago. Portions of it are still unstable. 

In addition to these hillside earthflows, similar movements are very 
common on the clay terraces of glaciated regions. Heavy rains, especially 
those following long dry spells, have penetrated and so lubricated the 
clays that hundreds of acres of terrace land have sometimes moved out- 
ward and downward into the river or to lower positions in the valley. 
A striking feature of many of the occurrences is that the clay along the 
bank appears to have been firmer and more resistant than that farther 
back in the terrace. In such instances, although the break in the firm 
material at the river bank has been relatively narrow, very large areas of 
the terrace have flowed outward through the bottleneck within a few 
hours. At other localities where the opening has been wider, flowage has 
been combined with slumping of the river banks, and as much as 25 
million cubic yards of material have moved ouLwanl at one time. 

Many earthflows of this sort have taken place frum the terraces which, 
for a distance of 200 miles or more, border the tributaries on the north 
aide of the St. Lawrence River. In the area around Portland, Me., several 
such movements have been recorded, and there are traces of many un- 
recorded flows. In the upper Hudson Valley, movements of similar type 
have occurred; but in most instances, the fluid material was some dis- 
tance below the surface, and outflowage of the liquid mass allowed an 
almost vertical downsinking or subsidence of the more coherent material. 
Other somewhat similar examples in California have been reported. 

Debris Avalanches 

On steep slopes in humid areas having a good covering of vegetation, 
very rapid mass movements, called debris avalanches, are common. In such 
areas as the White Mountains of New England, the long, narrow, bare 
scars produced by these avalanches are abundant. Movements of this 
type usually take place during or following heavy rains, when the in- 

'Ladd, G. E. Landslides, Subsidences and Uock-falls, Am. Uy. Eng. Assoc. Proc., 
Vol. 36, pp. 1128-1150, 1935. 
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creased weight caused by saturation of the soil and the lubrication 
furnished by the water surmount the forces that previously held the soil 
on the slope. Once loosened from position, the mass flows rapidly downhill. 

Movements of this type usually destroy part of the vegetative cover 
on the slope and often strip off the soil down to bedrock. Damage to 
agriculture usually results from flooding produced by choking the 
channels of streams flowing through the more nearly level land of the 
lower valleys or from the deposition of the avalanche debris over tillable 
land. The history of New England records many avalanches of this kind. 
Such movements, however, are not restricted to glaciated regions. Debris 
avalanches have taken place in the Blue Bidge Mountains of North 
Carolina at several different times, although there, owing probably to the 
more gradual transition between soil and rock, vegetation is more success- 
ful in obscuring the scars. 


Mudflows 

The two preceding types of rapid flowage are most common in temper- 
ate humid climates. In semiarid to arid lands, their place is taken by the 
mudflow. Although mudflows are not exclusively the result of accelerated 
erosion, their frequency and violence have been increased by man’s misuse 
of the land. Such flows are common where the topography is rugged and 
where fire, overgrazing, or cultivation has left the ground poorly pro- 
tected by vegetation. During heavy rains, soil and loose rock are picked 
up and carried along by the runoff, usually in a canyon or stream channel. 
The muddy flow is a pasty mass of high viscosity and can transport 
blocks and boulders of large size. 

In the usual progress of such a flow, the mass moves along until 
enough water has been lost by absorption or evaporation for frictional 
resistance to overcome the movement. The debris then temporarily dams 
the canyon or depression in which it stops until additional water accumu- 
lating behind furnishes the lubrication necessary for further movement. 
Thus, by successive stages of flowage and damming, the mudflow moves 
down the canyon. Where it emerges from the canyon mouth, it spreads 
out and deposits its material in a broad fan consisting of a heterogeneous 
or poorly sorted mass of silt, sand, gravel, cobbles, and rock masses, some 
of which may weigh more than 100 tons. 

Mudflows differ from earthflows in character of material, in that they 
are found most commonly in canyons and stream channels, and in that 
they tend to recur in the same places just as do floods. Earthflows, on the 
contrary, seldom occupy stream channels but are found on valley sides 
and terraces and even on convex portions of slopes. They do not have such 
a marked tendency to recur in the same area. 
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Mudflows are common in many of the Western States. Along the front 
of the Wasatch Mountains north of Salt Lake City, Utah, almost every 
canyon has its mudflow fan. Much of the area along the base of these 
mountains formerly was valuable and productive land used for nurseries 
and truck gardens. It was part of the floor of old Lake Bonneville, which 
once occupied this basin. In recent years, heavy grazing and fires on the 
mountains have depleted the vegetal cover and accelerated runoff. Mud- 
flows also have been common. During severe rains in 1923, and several 
times in 1930, flows coming from some of the canyons did serious damage, 



Fig. 100 . — Tlic coarse blocks and lielcrogeneous dcbri.s of this mudflow fan aL the mouth 
of Parrish Canyon, north of Salt Lake City, Utah, covitcmI producUve farm lands. {Photo- 
graph hy C. F. B, BharjyG,) 


blocking highways, damaging or destroying farm buildingKS, and covering 
agricultural land to depths of 5 to 10 feet or more (Fig. 100). 

Mudflows are not restricted to Utah or the Wasatch Mountains. 
They may occur wherever steep slopes of unconsolidated or deeply 
weathered material are unprotected l)y a substantial cover of vegetation 
and where intei’mittent rainfall is interspersed with heavy downpours. 
They are not limited to semiarid climates but occur under alpine con- 
ditions, where vegetation is sparse and slopes are steep. They also occur 
in areas of unconsolidated volcanic debris. 

Much of the damage caused by mudflows can be avoided. Prevention 
or control of grazing where such flows are common will do much to keep 
the runoff clear and prevent the carrying away of valuable soil. Protection 
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of valley lands from damage by deposition can be accomplisbed in part by 
the construction of settling basins and overflow sluices. Many of these, 
as well as training walls for the mudflows, have been built by communities 
along the mountain front north of Salt Lake City. Permanent control 
measures, however, must aim to prevent the flows, not merely to control 
them after they have formed. 


SKppage Forms 

Landslides^ or mass movements by slippage, are an important acces- 
sory to the soil-erosion process. Large slides, such as those at Frank, 
Alberta, in 1903, and in the Gros Ventre River Valley of Wyoming in 
19^5, have displaced 30 to 50 million cubic yards of rock and have covered 
or ruined several square miles of land. Even larger slides have taken place 
in foreign countries. Fortunately, landslides of such magnitude are rare 
in agricultural regions and therefore do not play a major role in the 
destruction of tillable soil. Smaller movements by slippage, however, are 
very common; they not only transport soil but prepare the way for 
erosion by water and wind. 

Slumping, one of the most common types of slippage, has been defined 
by Sharpe^ as “the downward slipping of a mass of rock or unconsolidated 
material of any size, moving as a unit or as several subsidiary units, 
usually with backward rotation on a more or less horizontal axis parallel 
to the cliff or slope from which it descends.’" 

Most slumping takes place slowly and intermittently over long periods, 
but some of the movements may be completed in a single rapid slip. 
Displacement is small in comparison with the size of the individual masses 
or blocks of material moved. The slip surface usually is spoon shaped and 
is seen at the ground level as a crescent the points of which are directed 
down the slope. 

Slumping is an important process in the recession of shores and in the 
widening of stream channels and gullies. Undercutting is the major cause 
of these slumps (Fig. 101), but seepage of ground water from the base 
of the bank aids the movement. 

Large slumps are found on the north shore of Long Island and along 
the bluffs and floodplains of rivers such as the Mississippi and many of 
the streams in the Southwest. Slumping is common along man-made 
channels where dredging has produced an oversteepened bank. Examples 
of this may be seen along some of the cutoffs recently dredged across the 
necks of meander spurs of the Mississippi River (Fig. 10^). 


^ Sharpe, C. P. S. “Landslides and Related Phenomena.” New York. 1938; What Is Soil 
Erosion? U, S. Dept. Agr. Misc, Pub. 286, 1938. 




Fig. 101. — This large slump in Ventura County, California, settled downward an 
average depth of about 10 feet during the night of June 17, 1038, and continued moving 
at a slower rate. There was also a sliding movement in the direction of the deep barranca 
at the bottom of the valley — enough to shove some of the material across the bottom of 
the ravine in places. {Photograph hy Soil Conmrmtion Service.) 



Fio. 102. — This slump cxtend.s for almost one-quarter mile along the east bank of 
the Giles Bend Cut-o/T of the Mis.sissippi River, near Natchez, Mi.ssissippi. {Photograph 
hy Soil Conservation Service.) 


gravel, clay, and other materials commonly induce movement of the soil 
mantle higher up (Fig. 103). Interruption of the natural slope of the 
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land by works of this kind introduces a major hazard, the full significance 
of which often is overlooked. Even if a relatively small amount of material 
is removed from the base of a slope, the break may migrate rapidly 
uphill and destroy fields and woodlands. 

Not all slumping is produced by undercutting. Large natural move- 
ments of this kind are common in the Cascade Mountains of Washington 
and in the Columbia Plateau, where segments of the capping basalt flows 
move slowly downward as a result of weathering of the underlying less 
resistant layers. Backward rotation of successive large slump units has 



Fig. 103. — Slumping on this hillside in New York State was started by excavation of 
material for a road fill. It already has eaten its way 50 feet into the field and may go much 
farther. {Photograph by Soil Conservation Service.) 


produced a kind of terraced slope. On the steps of such slopes, lakes or 
swamps sometimes develop. Slumping often is associated with flowage, 
as in some of the earthflows previously described. 

Terracettes. Slumping of masses only a few feet wide is the cause of 
many of the hillside steps, variously known as “cattle terraces,’’ “sheep 
paths,” or “catsteps,” found on sloping lands in many parts of the 
country. Because these forms are most abundant and most obvious in 
pastures, they generally have been attributed entirely to the trampling 
of cattle and sheep. Many of them are true stock paths, the result of slow 
wearage (attrition), such as has contributed comparatively little to actual 
mass movement of the land. Some of the small irregular steps, however, 
have developed as the result of slippage, apparently with little or no 
aid of animals. Such steps are particularly well-developed in loess, two 
characteristics of which are a tendency to vertical cleaving and the 
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ability to stand in vertical walls for long periods. These characteristics 
favor slippage along more or less vertical planes. 

In the loess areas of the Missouri River Valley, many hillsides are 
covered from bottom to top with these small slippage steps or terracettes 
(Fig. 104). Near the base of hills where the slopes are gentle, such steps 
are indistinct. On steeper angles, however, especially between 20 and 40 
degrees, they are better developed, and the scarps between them are 
much higher. Where hillsides are very steep, the more or less flat steps 
tend to give way to typical crescentic slumps. 

Debris Slides and Caving. On steep slopes, debris slides sometimes 
cause the entire removal of the surface soil and even portions of the sub- 



Fiq. 104. — A Ncbra.ska liillside willi duiracLorislic (lislribulion of lorraccUeH, {Pholograph 

hy ^oil (hnmrvalion Hernvv.) 


soil. Some slides of this kind aid in the widening of gullies. Stilt more 
active in gully widening is the caving or falling of massc\s of soil from the 
walls, a process that takes place Ifirgcly during s(‘as()iis of slow saturating 
rains. Wetting of the soil causes slight changes in volume, and tension 
cracks develop parallel to the gully walls. If tlierc is not suftieient cartli or 
fallen material in the gully to buttress the banks, the tcuisiou aeciuniilates, 
and in time the blocks of material break away and fall to the gully floor. 
This process may take only a few hours or days or may re<purc many 
months, but the cumulative effect is of considerable importance in the 
enlargement of caving gullies, such as those charac; tends tic of the Cecil 
and related soils of the Southeastern Slates. 

Caving of gully walls is of itself not a highly destructive process, 
because if the caving material were allowed to remain where it fell, slopes 
would be built up which would support the walls and aid in stabilization 
of the gullies. It is the alternation of periods of gully caving with periods 
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of clearing out of the gully channel by erosion that has the most destruc- 
tive effect.^ Caving is also an effective agency of soil removal in road cuts 
and along stream banks and other steep slopes. 

Subsidence 

Although agricultural land is frequently damaged by subsidence, this 
type of mass movement contributes very little to actual soil removal. 

Gradual lowering of the surface has resulted in many places from 
mining operations. Subsidence of land in such areas produces shallow 
depressions in which water sometimes accumulates and drowns the crops. 
Deeper and sharper depressions, such as open cracks and pitholes, also 



Fig. 105. — This hillside field in West Virginia is badly pitted by sinks or cave-ins over old 
coal mine workings. (Photograph by Soil Conservation Service.) 


result from subsidence and leave the surface too severely broken to be 
suitable for agriculture. In mining areas, such as some of the coal fields 
of the Appalachian Plateau, where the workings have been close to the 
surface, pastures and fields frequently are badly pitted (Fig. 105), and 
surface soil is lost by sliding and washing into the depressions. 

Conclusion 

Although mass movement, unlike wind or water, does not transport 
soil or rock out of the region in which it was formed, it is in many different 
ways, nevertheless, an important factor in soil removal. Mass movement 
causes widespread downhill migration of sloping soil and, in many local!- 

^ Ireland, H. A., Sharpe, C. F. S., and Eargle, D. H. Principles of Gully Erosion in the 
Piedmont of South Carolina, TJ. S. Dept. Agr. Tech. Bull. 633, 1938. 
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ties, prevents the formation of deep profiles. Bare scars produced by such 
movement prepare the way for erosion. Slumping and caving aid in the 
widening and headward extension of gullies and contribute large quanti- 
ties of soil for subsequent removal by water. Creep, earthflow, slumping, 
caving, and other mass-movement processes are constantly feeding soil 
and rock material to the streams. 

Mass movement, therefore, is a process that must be carefully con- 
sidered in investigations of the causes and mechanics of accelerated soil 
erosion. 





Chapter XIII. Geology and 
Soil Erosion 


The distinctive features of the earth’s surface are formed through the 
reactions between physical forces which elevate land masses by deep- 
seated earth movements to a position within the influence of the atmos- 
phere and those mechanical, chemical, and biological activities which 
disintegrate, corrode, erode, remove, and redeposit the uplifted materials. 
Thus, land masses are formed, modified, and removed, and soils are de- 
veloped and removed as a step in the process. Geological erosion creates, 
removes, and recreates on the world-wide scale throughout long periods 
of time. 

These physical, chemical, and biological forces operate under all 
climatic conditions from polar to tropic, from excessively humid to ex- 
cessively arid. They operate upon original rock masses of great diversity 
of mineral composition, hardness, permeability to atmospheric waters, 
and elevation and declivity. The topography of the earth’s surface is 
developed by these forces; surficial conditions, including the nature and 
distribution of soils, are the results of the reactions between the atmos- 
phere with its included water, the existing biological forms, and the parent 
rock. 

The natural forces act through long cycles of elevation, weathering, 
plant occupation, erosion, transportation, and deposition. Periods of 
reconstruction intervene between those characterized dominantly by 
processes of destruction. Active geological erosion is slowed through the 
reduction of elevations and slopes, through the creation of surfaces 
increasingly capable of absorbing meteoric water, and through the natural 
covering of land surfaces by protective vegetation. Thus, nature employs 
in erosion control the engineering method of slope reduction and the 
vegetative method of surface protection by appropriate plant cover. 

Accelerated erosion is caused by man’s interference with the natural 
cycle. Wherever groups of men have passed the hunting and herding 
stages of development and have come to depend upon the annual pro- 
duction of crops to sustain themselves and their livestock, natural vegeta- 
tion is removed and replaced by domesticated plants. Slopes are cleared 
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that do not permit the retention of the surface soil under continued or 
repeated tillage operations. Desiccation beyond that experienced under 
natural cover of trees or grass ensues. Both wind and rain gain easier 
access to the exposed surface, and the removal of soil material far out- 
strips in pace its renewal under natural conditions. Accelerated erosion, 
caused by man’s interference with the natural cycle, results in the impair- 
ment and destruction of the thin surface layer of soil and in the ultimate 
eviction of the human operator, until through natural processes the under- 
lying materials can be reclothed with a mantle of soil economically useful 
to man. 

Theoretically, at least, a mass of mineral material of complex chemical 
composition and of heterogeneous structure ultimately would be weath- 
ered into a mass of silicates, chiefly of aluminum and iron; of silica; and 
of the remains of original minerals. With reference to advanced weather- 
ing, Merrill says: ‘'The ultimate product of the weathering of rocks of 
any but the purely siliceous types is a more or less ferruginous clay, which 
may be contaminaLcd or admixed with coarser foreign particles. It is the 
extent of the decomposition, more than its lithological derivation, that 
determines both the chemical composition and i)hysical characteristics 
of any soil.”^ 

Because of geological erosion and climatic influence, siicli extreme 
weathering is rarely approached very closely, except under conditions of 
long-continued, undisturbed occupation of land surfaces by vegetation 
in humid, tropical localities. 

Under arid conditions, solution and leaching out of soluble materials 
are of much less importance as instrumeii tali lies of rock weatliering and 
soil formation; here, mechanical processes- -"exlrenie changes in Lempera- 
lure and abrasion by wind — are relatively more irn])ortaiiL. Periods of 
precii^itation intervening between periods of desiccation occasion some 
solution. The dissolved material commonly is trans))()rled only short 
distances either vertically or laterally; deposition takes place through the 
concentration of the solution by evaporation. This may occur at sliallow 
depths within the mass, or the dissolved material may be concentrated 
at the surface as the result of evaporation. Desert soils oorrnriouly are 
marked, in consequence, by an excess of the readily soluble salts over 
liurnid-region soils and by the presence of minerals in relatively fresh, 
unaltered condition.'-^ 

The fundamental materials from wliich soils arc derived vary with 
such complexity over the surface of the land, and Llie atmospheric and 

^ Merrill, G. F, “A Treatise on Rocks, Rock Wcallicring, and Soils," p. .S7H. The Mac- 
millan Company. New York. 1900. 

2 See results of analyses of 400 soils from the humid region of .sou tluMis tern Unitc'd Stales 
and of 31.S soils from the tirid areas of California, Washington, and Montana. 'Phe Data of 
Geochemistry, IJ. S. Geol. Survey Bull. 770, 5th ed; pp. 493-404, 1024 . 
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biologic agencies that operate upon them are so divergent, that soils are 
formed, transformed, and even removed to create a surface pattern 
almost as complex and varied as that produced by the passage of clouds 
across a grassy plain. 

In the natural process of continental degradation, geological erosion 
probably has served to prevent the development, in numerous localities, 
of such unfavorable types of land as excessively leached and infertile 
areas, imperfectly drained claypan areas, and soils of high salinity. By 
contrast, accelerated erosion is the result of human interference with the 
natural order. It effects within a brief period the removal of a soil created 
throughout long ages by weathering. The time element involved in the 
natural progress of geological erosion is so shortened that impairment or 
destruction ensues without intervals for restoration. Natural forces dis- 
tribute periods of removal and transportation between long rest periods 
of recreation, but human eagerness accelerates the removal process by 
failing to allow intervening periods for recovery of eroded surfaces under 
the protection of vegetation. 

It is fairly obvious that no type of erosion, even the most recent forms 
of accelerated erosion, may be separated completely from the geological 
process. The character of the soil, the depth to decomposed or solid rock 
material, the surface configuration formed by geologic processes, the 
degree of slope, the gradients of streams, all influence the rate and type 
of soil erosion as it is experienced on arable, pasture, and wooded lands. 

Directly or indirectly, the speed at which soil erosion progresses and 
the form that it takes are influenced profoundly by the lithologic and 
structural characteristics of the basic materials from which soils are 
formed. Even after the surface material, the soil and subsoil, has been 
washed away, exposing the zone of parent material, the rate and pattern 
of further erosion are determined, quite naturally, by the character and 
structural form of the exposed geologic materials. It should be pointed 
out, however, that slope of the land and the structural features of exposed 
geologic formations exert much less influence on the rates and patterns 
of wind erosion than they do on water erosion. 

There are many and varied examples of the influence of geologic ma- 
terials on the formation and removal of soils. Sandstones, decaying and 
disintegrating under the impact of weathering, usually give rise to coarse- 
textured soils, such as sands, sandy loams, and sandy clay loams. Fine- 
grained shales, on the other hand, generally give rise to fine-textured soils, 
such as clays, clay loams, and silt loams. All soils, however, do not always 
exhibit such close similarity to their parent materials. Even sandstone 
may be ground to the consistency of flour by glaciers or flowing water and 
eventually become fine-grained soil. A soil may, or may not, retain the 
color of the rock from which it is derived. Much depends on the intensity 
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and type of weathering processes involved in the transition from parent 
material to soil. Processes of chemical change and solution (leaching) may 
alter or remove the original coloring constituents. Moreover, the color 
of the surface zone of any soil is dependent to a considerable degree on 
the character of the vegetative cover and the degree to which the decaying 
accumulation of organic matter has become incorporated with the under- 
lying earthy material. 

Lateritic soils are particularly illustrative of profound variance from 
the parent rock. For example, some of the old red soils derived from 
limestone under the warm, humid conditions of Cuba are very similar 
to the old red soils derived from serpentine. As previously indicated, this 
similarity occurs, however, only in areas where the topography is suffi- 
ciently smooth to prevent rapid erosion. Moreover, in both instances, 
prolonged leaching has deprived the material derived from these strongly 
contrasting parent rocks of a large portion of their original identifying 
constituents. The residuum, representing the present soils, contains much 
larger i)roportioiis of highly insoluble compounds of iron and aluminum 
than the parent rocks. These residuary constituents dominate the charac- 
ter of such lateritic soils and often make them so much alike that differ- 
entiation, in the absence of chemical analyses or differences in vegetative 
response, is dilficult except through identification of the respective parent 
materials. Conceivably, with continuing weathering, the derivative soils 
could come to have identical compositions.^ Such precise conformity, 
however, seldom is found in nature; some characteristic of the parent 
material usually is expressed in some proi)erty of tlic derivative soil. 

Soils derived from limestone freciuently contain little or no lime 
carbonate, the latter having been removed in solution during the change 
from rock to soil. 

Soils formed from rocks of high salinity, like some of the extensive 
beds of shale in the northern Great Plains and in the Colorado Basin 
(as the CJiinlce and Mancos formations), usually contain mucli easily 
dissolved salt and arc especially susceptible to erosion. Such soils support 
only a sparse cover of i)rotcctive vegetation, aixl the surface material 
frequently fractures or scales on drying, forming detached fragments 
which arc moved easily by water or wind. Soils of this type are also 
peculiarly susceptible to the dcveloi)menL of V-shaped rills and gullies. 

Granitic rocks Lend to weather to great dei)tlis, esj)ecially in humid 
regions, as in southeastern United Stales. Far l)enealh the zone of true 
soil, the soft “roilen’’ rock succumbs to rapid incision by gullies Lliat luive 
been permitted to cut through the soil layer (Fig. 106 ). Because of this 
tendency, steeply slo])ing land with soil deprived from granite or gneiss 

‘ Bennett, 11. 11. , and Allison, R. V. “The Soils of (Juba.” Boyce-Tlioinp.son InsUlule. 
Tropical Researoh l'\)undation. New York, 1020. 
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generally yields, when it is stripped of vegetation, to rapid destruction by 
deep gullies of the undercutting, U-shaped type. 

In rolling areas where highly erodible, silty soils have developed, as 
over large portions of the Alleghenies and the Appalachian Plateau, the 
soil is generally shallow, even under natural conditions. On the steeper 
slopes, bedrock commonly is encountered at depths of less than 3 or 4 feet. 



Fig. 106. — A crystalline schist weathered to great depth in the Southern Piedmont. 

{Photograph hy Soil Conservation Service.) 

Apparently, this shallowness is due to a combination of slow rock decay 
and relatively rapid soil removal. Whatever the cause, the relatively 
shallow depth to bedrock prohibits the formation of deep gullies. Instead, 
broad and shallow gullies, or washes, are likely to develop (Fig. 107) when 
the soil is exposed. 

Where shales, slates, and schistose rocks are so tilted and fissured that 
rainfall percolates rapidly into the substrata, the overlying soils are 
often relatively shallow (Fig. 108) and susceptible to such marked desic- 
cation that they support no more than scanty vegetation. The indirect 



Fig. 107 . — On sleep slopes bedrock is encoiinlercd frcMpicnlly ill depths less than 
3 feet. On this area of formerly culLivalcdLordsiown sill loam, Steuben County, Now York, 
erosion has cut away the soil to bedrock so that ^mllying spreads laterally instead of 
down. {Phc)t()gTaj)h hy Soil Conservation Service.) 
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such soil and rock material is sometimes swept away, and the bedrock 
exposed within three or four years. 

Numerous examples of the effect of rock character on land forms, soil 
depth, and rates of erosion could be cited for nearly all parts of the world. 
For example, the monadnocks standing as conspicuous hills hundreds of 
feet or more above the general level of the southeastern Piedmont, such 
as Pine Mountain in west-central Georgia^ and the Kings Mountain 
group in the Carolinas, mark the location of rocks, like quartzite, that 


! 



Fig. 109. — Unequal solution of limestone formations gave rise to this sinkhole or Karst 
topography. Kentucky. (Photograph by Soil Conservation Service,) 

have worn away much more slowly than the surrounding rocks, simply 
because of their superior resistance to weathering and erosion. Here the 
parent rock has not only exerted a definite influence on the local topog- 
raphy but has given rise to a distinctive shallow soil — Herndon stony 
sandy loam. 

Limestone, because of its tendency to form underground cavities by 
a process of unequal solution, permits a type of erosion that not only 
presents a difficult problem of control but influences the topography 
(sinkhole or Karst topography) to a marked degree (Pig. 109). Extensive 
areas of this kind occur in many parts of the world. ^ 

^ See Soil Survey, Talbot County, Georgia. Field Operations, Bur. Soils, U. S. Dept. Agr., 
1913. 

2 Dicken, S. N., and Brown, H. B., Jr. Soil Erosion in the Karst Lands of Kentucky, 
U. S. Dept. Agr. Circ, 490, 1939. 
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In its effect on major land forms, differential erosion is largely a 
geologic process, the results of which are determined chiefly by rock 
character and the inclination of the exposed strata (in areas of sedh 



Fig. 111. — PadlaiKls ol* Now Mexico. (Phoiograph hj/ Soil ('ouHcrmlion Servirv.) 


mciiLary rocks). Fantastic land forms in the Hadlands of the Dakotas 
and other Western States owe their oiatlinos jiriiiclpally to the varying 
degrees of resistance oftered by the exposed material to abrasion by water 
and wind-driven sand (Figs. 110, 111). 




GEOLOGY AND SOIL EROSION 


307 


The direct and indirect relationships of rock character, faulting, 
folding, river action, wind action, glaciation, and the stratigraphic and 
structural features of sedimentary beds to erosion rates and processes 
and to underground water supplies are so numerous and varied that 
an exposition here seems undesirable. It is sufficient to state that the 
relationships do exist and are of great importance to the soil-erosion 
scientist. 

Geologists have emphasized the powerful effects of erosion in altering 
the character and form of the earth’s surface. Their studies and findings 
relating to the subject fill a great many pages in the literature of geology. 
In turn, erosion scientists recognize the erosion process, whether normal 
or accelerated, as a geologic process. However, erosion science seeks to 
ascertain all the factors involved in the mechanics of the erosion process 
and the effects of the process on the soil resource when accelerated through 
disturbance of normal conditions. This science stresses, in other words, 
the processes and effects of accelerated, abnormal erosion. 

In a somewhat similar sense, soil science is related to the science of 
geology. Whereas soil scientists are concerned with the nature of soils, 
their distribution, and the processes involved with the development of 
soils, geologists emphasize the character, origin, and distribution of the 
parent materials of soils (geologic materials). 





Chapter XIV. Relation of 
Entomology to Erosion 


Excessive populations of insects may be an important indirect cause 
of erosion by destroying the vegetative cover so essential to soil con- 
servation. Grasshoppers, beetles, caterpillars, ants, and other insect pests 
sometimes remove the ground cover completely or defoliate p)lants to such 
extent that the soil is left bare and susceptible to erosion by wind or 
water (Fig. 112). Some insects, feeding on the roots of j^lants, damage or 
kill vegetation. Unfavorable weather conditions or improper cultivation 
may so weaken plants that they arc unable to recover from insect attacks. 

White grubs, for example, sometimes contribute to serious erosion in 
closely grazed bluegrass pastures, particularly during periods of drought. 
Such damage may be reduce<l by liming and fertilizing, to encourage the 
development of a more vigorous turf; or by planting legumes, such as 
sweelclover and alfalfa, which the beetles avoid when depositing their 
eggs. 

Grassh(>i)pers have been the indirect cause, or partial cause, of con- 
siderable soil erosion, i)articnilarly in times of drought in the Great Plains 
area. In this connection, Rishopj) saysS 

“The part played by grasshoppers in the removal of soil cover is of lirsl rank. 
Ill severe outbreaks not only is cv(Ty green leaf removed hut many of the stems, 
crowns, and dead proLe<ttive vegetation as well. Even in the face of droughts or 
other unfavorable growing conditions, the vegetation would usually develop 
sufficiently to form a reasonably satisfactory (^over if grasshoppers were not 
present, Hundreds of Lliousands of acres of land in Nebraska, Wyoming, Mon- 
tana, and the Dakotas were stripped of vegetation by grasshoppers during the 
last few years, permitting the soil to be severely blown and clouds of dust to be 
formed. 

“This condition is often attributed to the drought and overgrazing by live- 
stock. Tile part which grasshoppers play in this (hmiidation has been dernon- 
straLed in a striking manner by experiments conducted by J. 11, Ihirker in 
Montana in 103G. Screen cages were placed over grazing laud to exclude the 
grasshoiiiier and similar areas were fenced to exclude livestock. At the end of the 

^ Bishopp, F. C. Entomology in Relation to C'onservation, Jour, Econ, Eyitomology, 
Vol. .31, No. 1, 1938. 
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season, the fenced areas were practically devoid of grass, whereas those protected 
from grasshoppers were well covered.” 

Overgrazed range lands are especially susceptible to damage by grass- 
hoppers. Such conditions may also encourage the growth of weeds that 
harbor and encourage the propagation of insects harmful to crops in 
adjacent irrigated fields. An outstanding example is the beet leafhopper 


— ^ 



Fig, 112. — ^Left, Kansas corn crop destroyed by grasshoppers, 1936. Right, shows grass- 
hoppers at work. (Photographs by Soil Conservation Service.) 


which transmits the curly-top disease of sugar beets. Summer weeds, such 
as Russian thistle, growing on intermittently cultivated land; and winter 
weeds, as plantain, mustard, and peppergrass, favor the breeding of this 
insect. Hosts of leaf hoppers, breeding on these weeds early in the season, 
later move on to inflict great damage to fields of sugar beets, beans, and 
tomatoes by transmitting the curly-top disease. Frequently, much of the 
damage can be prevented through the reestablishment of grasses for 
range purposes. 
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Insects may also be the indirect cause of erosion in woodlands. The 
destruction of trees by the bark borers often leaves a forest or farm wood- 
lot in a highly inflammable condition. Fires occurring under such con- 
ditions bare the land to accelerated runoff and erosion. 

Erosion, in turn, may encourage insect infestation. For example, areas 
retired from cultivation and planted to trees arc often so seriously 
impoverished by erosion that the slow-growing trees lack the vigor to 
resist insect attacks. The locust borer, for example, causes more damage 
to stunted or slow-growing trees than to those of vigorous, healthy growth. 
Such damage to young plantings can be eliminated partially by mixed 
plantings and the use of fertilizers. 

Practices important in the control of erosion may also affect the 
seriousness of insect damage. The effect of such practices on insect 
populations, breeding places, etc., must be taken into consideration in the 
formulation of erosion-control plans. For example, Bishopp has the follow- 
ing to say with respect to slrij) cropping and insect damage: 

“The principles of strip planting are by no means new, for they have been 
widely practiced for many years in the older countries of the world. In general, 
insect depredations arc less severe in these old counlries than in our own. The 
I)lantiug of extensive acreages to one crop has led, in the past, to serious insect 
losses. 'Phcrc is, therefore, some practical as well as tlieorctical ground for the 
argument tliat strip planting may he helpful in combal.Ling insects. It is logical 
to suppose that the si)read of a deleterious insect which lias become established 
locally is less hampered in a large held of one (Top than in an interrupted planting. 
There arc ccTtaiiily instances in whi(‘h natural control of insect pests is favored 
by strip planting. This results from provision of conditions suiUible for the 
development of alternate hosts of the parasite or jirodatory enemies of the crop 
pest. 

‘‘Certain destructive insects may be favored by strip farming if the crops are 
not carefully selected and insect relation keiil clearly in mind. The prac^ticc 
advocated by some soil conservationists of planting crops in strips, with per- 
manent sod intervening, jirovides an ideal H<»Lup for tbo dilfercntial and two- 
striped grassli()pp(Ts wliicth by this plan arc (uiabled to pass diroclly into the 
succulent croi)s as the young hatch from eggs coimentrated in the sod strips,'’ 

In Montana, poisoning of insects has bcHUi reported as esiiecially 
effective by spreading the poison liait along the edge of the sod strips. 
The insects feed greedily upon the bail while passing to the more suc- 
culent iiiLerlilled crops. Strij) cropping may intensify otlier insect jiests, 
such as the pea aphid, when alfalfa and ptuis are grown together, as they 
arc in the Palouse couiilry of Washington and JdaJio; ami Ujc chincli bug, 
when corn and grain are grown sich^ l)y side. (Consideration, therefore, 
should be given to the danger of insect damage when selecting crops to 
be grown in a slrij>-c‘ropi)ing system. Every prec^antiou vshould be taken 
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to prevent any increase in the pest population and any intensification of 
insect depredations. 

The use of cover crops in orchards, which is so important in the 
conservation and improvement of orchard soil, may in some instances 
increase insect infestation. It has long been considered necessary to 
practice clean cultivation in orchards in order to aid in the control of 
plant pests and make the most efficient use of soil-stored water. Prelimi- 
nary surveys^ of a number of orchards in California indicate, however, 
that insect and plant-disease control cost no more where orchard soils are 
protected by a continuous cover. It seems logical to assume, therefore, 
that continuous cover may, under some conditions, favor the increase of 
parasitic and predacious life forms that aid in keeping the pests in control. 

In some localities, the construction of farm ponds to provide water for 
livestock has increased the hazard of mosquitoes. Several methods of 
control are effective in checking mosquito infestation, such as introducing 
top minnows; applying larvicides, as pyrethrum extract and oils; deepen- 
ing the water along the edges; removing debris; and manipulating the 
water level. 

Other practices important in erosion control, such as spring plowing, 
the maintenance and use of plant residues, fire protection for fence rows 
and woods, and the establishment of wildlife areas, may make conditions 
more favorable for plant pests. However, agriculture in the United States 
has been combating dangerous insects for years, and it is recognized that 
these pests have cyclical periods of heavy population in rotation with 
periods of very small or at least greatly reduced population. It is possible 
that any increase in numbers of insects and extent of damage resulting 
from the introduction of soil conservation practices may be counter- 
balanced by the contribution of such measures to an increase of predatory 
birds and mammals as well as insect parasites and diseases that tend to 
reduce the total population of harmful forms. 

Agricultural losses resulting from insect infestations must be con- 
trasted with the enormous reductions in crop production caused by 
erosion of soil. Crop rotations and other soil-conserving practices tend to 
increase soil productivity and the production of more vigorous crops, 
which in turn help to reduce losses through insect damage. 

There is need for additional information on the effect of various soil 
conservation practices on insect population. The sequence of crops in crop 
rotations, time of plowing, mosquito control in farm ponds, use of crop 
residues, and many other soil and water conservation practices should be 
studied in relation to insect control, so that the science of entomology may 
contribute most effectively to programs of soil defense. 

1 Ahlson, C. B., and Hutchinson, George. Permanent Cover in Irrigated Orchards, 
Soil Cons., Vol. 4, No, 8, 1939. 
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Erosion scientists recognize the important favorable role of micro- 
organism and insect life^ in making soils more permeable to rainfall and 
thereby more resistant to erosion. They understand that the holes bored 
by crickets, earthworms, and other insects function as conduits to 
increase the infiltration capacity of the soil and that organic matter 
passing through the bodies of insects is converted into the kind of humus 
that contributes to the development of favorable soil granulation. They 
also appreciate the need for more information with respect to the precise 
interrelationships of cultural practice and biological activities and the 
effects of these on the agricultural economy, 

^ F. C. Bishopp says {Jour. Econ. Entomology y Vol, 31, 1938): “The number of living 
things in the soil is almost beyond our comprehension. It has been estimated that an ounce 
of soil may contain 30,000,000 microorganisms such as bacteria, algae and fungi. There 
are also tremendous numbers of animals ... in soils, A large percentage of these are 
insects. W. L. McAtee has estimated that there were 1,216,880 animals, pidncipally insects, 
in an acre of woodland and 13,654,710 in an acre of meadow, based upon an examination of 
4 square feet of soil to a depth a bird could scratch. II. W. Morris made a census of the fauna 
of a permanent pasture in England, which indicated an insect population of 3,586,088 per 
acre. G. N. Wedcott has made an intensive study of limited areas in Illinois and New York. 
From his figures the average number of animals per acre is computed at 3,611,124 in the 
Illinois area and 2,080,810 in the northern New York area. In a tropical forest in Demerara, 
C. W. Beebe determined the animal population to be 10,640,000 per acre.’* 



PART TWO 

Soil Conservation 






Chapter XV. A National Program 
of Soil Conservation 


Stated in simplest terms, conservation of the soil is a matter of using 
land as it should be used. Some land is too steep to be farmed; some soils 
are too erodible to be cultivated; some regions are climatically unsuited 
to intensive agriculture; and so on. Proper use of the land, in other words, 
is governed by certain physical factors. When it is used without regard for 
these factors, the processes of waste begin. 

Certain factors of an economic and social character also influence the 
use of land. Men who farm the land must make a living. That is their 
most realistic and immediate concern. Economic need is a powerful factor 
in determining how they use the land, a factor that usually outweighs less 
urgent considerations of conservation. Social patterns likewise are a land- 
use factor. In some sections of the country, men are attempting a type 
of agriculture too extensive to be carried out on small farms; in other 
instances, farms are too large for sound operation with available facilities; 
elsewhere, the tenure system impedes good land-use practice. As they 
affect the Interests of the individual operator, therefore, economic and 
social influences of this kind are as much a part of the problem of soil 
conservation as the purely physical processes through which soil is washed 
or blown away. 

National action to conserve the soil resource, consequently, must not 
only deal with soil erosion and related physical phenomena but also cope 
with the complex economic and social considerations that affect land use. 

The ultimate objective of national action — a secure land resource, 
adequate permanently to sustain the national economy — will be reached 
only when the principles of good land use have been accepted and put into 
practice by agriculture as a whole. 

But agriculture as a whole is based on the activities of individuals. 
The land is owned and used by many men. They enjoy the rights and 
privileges of private ownership under the American system. In this 
democracy, national action to conserve soil must be generated by these 
millions of land users. If they are active and willing participants in 
such a movement, it will endure; otherwise it will fail. Democracy does 

313 



su 


SOIL. CONSERVATION 


not give government the unbridled right to compel conservation; but it 
does recognize the responsibility of government to lead and assist its 
citizens in conservation, in the interest of the public welfare. 

This recognition of the democratic process is essential. National 
conservation action must spring from people on the land and, to a large 
extent, be advanced by them as individuals, with the help of government. 

In the last 5 years. Congress, through a series of acts, has erected the 
framework of a comprehensive action program looking to the conser- 
vation of the nation’s soil resource. This program, carried on as an 
integral part of a broader program of basic land-use adjustment, is 
administered, for the most part, by the United States Department of 
Agriculture. 

Late in 1938, the Secretary of Agriculture directed the Soil Conser- 
vation Service of the Department to assume responsibility for adminis- 
tering certain of these acts bearing on the physical aspects of the 
conservation problem. As a result, a number of governmental activities on 
the land, authorized by various legislative actions, were brought closely 
together to provide a unified program broad enough to help farmers make 
the physical adjustments in land use fundamental to the conservation of 
natural resources and the establishment of a permanent and balanced 
agriculture. 

The current work of the Soil Conservation Service constitutes a com- 
prehensive national action program to conserve and pro]3crly utilize soil 
and water resources. Otlicr agencies of the Dei)arLrnenL, at the same 
time, are administering other acts of Congress directed toward the 
correction or alleviation of certain economic and social maladjustments 
that conlril)uLo to laud abuse. The work of these agencies complements 
the work of the Soil (kmservation Service to form a single unified i)rogram 
of action bearing on the physical, economic, and social aspects of the 
land -use problem. 

The program of the Soil Conservation Service, primarily concerned 
with physical problems, follows several lines of action having a common, 
ultimate goal of belter latid use, consexwalion, and a more abundant life 
for the people of the country. The lines of action arc as follows: 

1. Soil EiiosiON CoNTiiOL. A program authori/AKl by the Soil 
Conservation Act of 1935 {PvMia No. 40, 74th Congress) and de- 
signed to conserve basic soil and water resources by extending sound 
land-use practices to all laud vulnerable to soil erosion. Action in this 
program involves (1) research to determine the character, causes, and 
effects of soil erosion and to develop jxraciical measures for erosion con- 
trol; (^) surveys to determine the facts needed iniffaiming and prosecuting 
erosion control and moisture conservation work; (3) demonstrations to 
illustrate the practical efrectivcncss of soil-conserving land-use practices 
and to prove the techniques of erosion control through actual application 
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on the land; (4) cooperation with local soil conservation groups formed 
under the authority of state law; (5) dissemination of information re- 
garding erosion and its control through the normal media of public 
communication; (6) cooperation with Federal, state, and local agencies in 
the fields of conservation, land-use adjustment, and related fields. 

II. SxjBMARGiNAL Land PURCHASE. A program authorized by Title 
III of the Bankhead- Jones Farm Tenant Act and designed to correct 
social and economic maladjustments in rural areas by changing the 
pattern of occupancy and consequent agricultural use of land. Although 
the program deals directly with the conservation of physical and human 
resources, it also involves consideration of those social and economic 
problems, such as land ownership and settlement, size of holdings, 
type of farming, and systems of local public finance, which fre- 
quently must be dealt with before proper land use and the welfare of 
landowners and operators can be established on a permanently satis- 
factory basis. 

Action under this program involves (1) the purchase of submarginal 
land or land not primarily suited to cultivation; (^) the development and 
improvement of purchased areas for sustained use; (3) the management 
of purchased lands under uses to which they are adapted; and (4) cooper- 
ation with local groups of farmers and public agencies in furthering such 
programs as range management, rural zoning, water development, fire 
prevention, and more efficient government. 

III. Flood Control. A program authorized by the Flood Control 
Act of 1935 and supplemental legislation and designed to reduce the 
hazard of floods to human life and property, by land treatment on the 
watersheds from which flood waters originate. 

Action under this program, carried on through cooperation between 
the Soil Conservation Service, the Bureau of Agricultural Economics, 
and the Forest Service of the Department of Agriculture and the Corps 
of Engineers of the War Department, involves (1) preliminary investiga- 
tions of watersheds to determine the existence and seriousness of flood 
problems and the practical possibility of alleviating flood hazards and 
siltation by adaptable land treatments; {%) detailed surveys of water- 
sheds to obtain essential physical, social, and economic information and, 
on the basis of such information, to develop technically and economically 
sound plans for watershed treatment in the interests of flood control and 
prevention of siltation; and (3) actual watershed protection work in 
accordance with the programs developed through the surveys. 

IV. Water Facilities. A program authorized by the Pope- Jones 
Water Facilities Act of 1937 and designed to assist farmers and ranchers 
in the improvement and development of farm and range water supplies 
in arid and semiarid areas, with a view to promoting better use of the 
land and advancing human welfare. 
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This program is limited to 17 Western States and is conducted 
cooperatively with the Farm Security Administration, Bureau of Agri- 
cultural Economics, and other agencies, through the Water Facilities 
Board. The Soil Conservation Service assists farmers and groups of farm- 
ers in (1) planning the development of water supplies that will facilitate 
improvements in land use; constructing and installing, or assisting 
farmers to construct and install, such small water facilities as wells, 
ponds, small reservoirs, small dams, pumps, springs, stock water tanks, 
spreading systems for utilizing runoff water, and similar improvements. 

V. Farm Forestry. A program authorized by the Norris-Doxey 
Cooperative Farm Forestry Act of 1937 and designed to foster the 
practice of farm forestry in agricnlturc, with a view to conserving soil 
and water resources and aiding in the establishment of sound and eco- 
nomical land-use methods. 

This program is carried out jointly with the Forest Service, Agri- 
cultural Extension Service, State Experiment Stations, State Foresters, 
and the Bureau of Agricultural Economics. The Soil C'onservatioii Service 
is responsible for the action phases of the program in (1) advising farmers 
regarding the establishment, protection, and management of farm 
forests; (^) investigating the economic and other benefits of farm wood- 
land management; and (3) training personnel in methods of bringing 
about the use of proper farm forestry practices in agriculture. Tlie Service 
cooperates in producing, procuring, and distributing forestry planting 
stock to farmers. 

VI. Duaintacje and Ihukjation. a program authorized by the 
Agricultural x\i)pr()prialion Act of 193!^ and designed to develo]) efficient 
and economical methods of draining and irrigating agricultural land with 
a view to jiromoting better land use. 

Activities of tlie Soil (k)nservation Servic;c under Lliis j)rogram involve 
(1) the study of laws and regulations affecting the organization and 
administration of drainage and iiTigalion districts a.n(l c()mi)anies; (£) 
development of basic hydraulic information involved in the design of 
drainage ditches, til<^ drains, and pumping jdanls; (3) investigation of 
methods of a]>plying irrigation water to farm lands; (4) <Ievelopnient 
of apparatus for accurate measurement of Die <piaiitity of irrigation water 
delivered to Die farnuu’ or rancher; (/>) <lev(Ooi)ment of pumps and 
equipment tor utilizing underground waters; (6) develojimenl of diversion 
dams and dcsilting works for diverting flood waters into irrigation eauals; 
and (7) the making of snow surveys for the purpose^ of forecasting irriga- 
tion water supplies. 

liroad Obj(K!tivcs 

For purposes of discussion, this program of soil and water conservation 
and land-use betterment may be dividend broadly into three major phases, 
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namely: (1) education, to develop widespread understanding of the 
problems of sound land use and their solution; (2) action by individuals 
through local mechanisms with the help of government; and (3) efforts 
to relieve economic and social maladjustments in the use of land that 
impede conservation. 


Education 

Education is a prerequisite of conservation. It is essential to develop 
an intelligent public understanding of the value and importance of 
natural resources in terms of individual and national life. Only out of 
such an understanding will the impetus to act arise. 

Many of the techniques through which the process of education is 
advanced are familiar. They include the diffusion of information through 
radio broadcasts; through the printed word — in official publications, 
newspaper and magazine articles, textbooks, and so on; through visual 
media, such as exhibits and motion pictures; through the integration of 
soil conservation subject matter in school curricula; through direct con- 
tact with individuals and groups interested in the movement; and so on. 
These well-known procedures are most effective in presenting the problem 
of conservation to the public as a whole. 

But the people close to the land — ^the men and women who use the 
land day in and day out as a source of livelihood— want to know more 
than the need for conservation; they want to be shown how to conserve. 
The answer to this demand is the demonstration. 

In the last 5 years, large-scale demonstrations of good land use and 
conservation have been remarkably effective in giving farmers an oppor- 
tunity to examine, criticize, and learn modern conservation farming 
methods. 

Soil and Water Conservation Demonstrations. Demonstrations 
in soil and water conservation have now been established in most of the 
important farming sections (see Problem Area map). To a large extent, 
each of them is a cross section of the agricultural lands for miles around. 
The soils, topography, climate, and cropping and grazing systems are 
closely similar to those found on outlying farms and ranges. The farming 
and grazing methods and land-use adjustments needed to control erosion 
and conserve rainfall are typical of those generally required over the 
whole problem area. 

The method employed in these demonstrations is to help land op- 
erators with the actual job of controlling erosion, conserving rainfall, and 
making the necessary changes in the pattern of land use. Agronomists, 
soil specialists, agricultural engineers, foresters, wildlife experts, and 
other technicians combine their skills to attack the problem simultane- 
ously along several fronts. They plan measures and practices to fit the 
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needs of every different parcel of land, and coordinate their application 
so that one measure or practice supplements the others, and what is done 
on one field or on a given farm contributes to the protection of adjacent 
or downstream areas. Wherever possible the demonstration areas are 
staffed with technical men who are familiar with local conditions. 

In setting up a demonstration area, the first step is to obtain a base 
map of the entire project area. If such a map is not already available, one 
is made with aerial photographs as the base. Then a farm-by-farm survey 
is made, showing soil types, erosion conditions, slopes, current land use, 
and other pertinent features directly on the base map. 

With this map as a guide, the technicians are able to draw up indi- 
vidual farm plans for each farmer in the area who is interested in adopting 
a conservation system. Land-use adjustments, cropping changes, im- 
proved tillage methods, and structural devices arc discussed with the 
farmer, usually on the ground. Every step is considered on the basis 
of need, adaptability, practicability, economic feasibility, and physical 
relationships with adjacent lands. 

If the farmer decides to adopt the conservation plan finally worked 
out, he signs a cooperative working agreement with tlie Federal Govern- 
ment. He agrees to follow the recommended land-use practices over a 
5-year period and to contribute as much as possible in the way of labor, 
power, seed, and materials toward the establishment of an efl'eetive 
conservation system. The Government agrees to lay out tlie work, draw 
up the necessary structural specifications, ])r()vi(le whatever labor and 
materials the farmer is unable to supply, and furnisli suitable planting 
materials for lands taken otit of cultivation because of their highly 
crodible character. 

An example of the major land treatment and farm reorganization 
procedure involved in a representative demonstration area will partly 
illustrate the complexity of the soil conservation program on a single 
watershed : 

The Green (h'oek Soil and Water (kniservatioii Project in Erath 
(knmty, Texas, comprises approximately 30, 000 acres and is fairly 
representative of the West (Jross Timbers problem area of approximately 
seven million acres in Texas and an additional large area in Oklahoma. 
The soils are predominantly sandy loam with moderately stiff clay sub- 
soil; the topography ranges from undulating to moderately rolling. For 
the most part, farming has been carried on for only about 40 years. 

The number of farms in the county decreased ])y 528 per cent between 
1910 and 1935, accoi'ding to tlu^ census. The value of farms in the county, 
including land and buildings, decreased by 54 per ctmt between 19^0 and 
1935, and farm population decreased by 33 i)er cent between 1910 and 
1930. 
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Surveys in this watershed in 1935 disclosed that 13 per cent of the 
area had been essentially ruined for cultivation by erosion and that 
approximately 50 per cent of the topsoil of all the cultivated land had 
been washed or blown away. Many farmers were attempting to control 
erosion by terracing and by contour tillage of the terraced acres; some 
were doing nothing to defend their wasting fields. On 4,08£ acres of 
terraced land on 103 farms in the project area, only 1.6 per cent of the 
terraces were satisfactory, and only 3 per cent could be rebuilt to function 
properly. Of the cultivated land terraced prior to 1935, a total of £9 per 
cent had been retired from cultivation or abandoned by the owners and 
operators because of erosion damage. An additional 18 per cent of these 
terraced acres was retired when the 103 terraced farms were placed under 
cooperative working agreements with the Soil Conservation Service. 

Under these agreements, an integrated 17-point program was em- 
ployed. It involved: 

A, Detailed farm surveys of 217 farms, comprising 29,990 acres and including 
132 farms actually cooperating in the watershed program. 

B, Joint preparation of detailed working plans for each farm by project 
conservation specialists and cooperating farmers, on the basis of the physical 
findings of the individual farm surveys. 

C, Application of the following soil and water conservation measures to meet 
the diverse needs of the various land and farming conditions of the cooperating 
land users. 

1. Strip cropping. 

2. Terracing of slopes ranging up to 5 per cent, largely in conjunction with 
strip cropping. 

3. Crop rotation. 

4. Cover crops for seasonal protection of fields. 

5. Hetirement of severely eroded cultivated land to the permanent protection 
of grass or trees. 

6. Contour cultivation. 

7. Planting critically erodible areas to feed and cover plants for rehabilitation 
of wildlife. 

8. Control of gullies, chiefly with grass. 

9. Control of terrace outlets with grass. 

10. Construction of small grassed channelways to carry water discharged 
from terraces safely downhill. 

11. Development of broad meadow strips for safe disposal of excess runoff 
from terraced and contoured fields. 

12. Pasture development by contour furrowing and reseeding. 

13. Pasture improvement through rotation grazing, reduced grazing, and 
mixed grazing. 

14. Consolidation of small fields into larger fields adaptable to contour 
cultivation, stripping, terracing, and other treatment necessary for adequate 
protection of soil and proper conservation of rainfall. 
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15. Construction of small reservoirs for continuous supply of stock water. 

16. Planting black locust to protect erodible slopes and to provide an ade- 
quate supply of fence posts. 

17. Field stripping to check wind erosion. 

The mere enumeration of these major steps reveals very little of the 
manner in which they were employed. It fails to indicate how one measure 
was used to support another or how protection of one field provided 
protection to an adjacent field. However, since the establishment of 
these measures within the watershed, observations made by farmers, 
local businessmen, and the project technical staff reveal that for the 
first time in many years, Green Creek did not overflow its banks during 
1036, although 11 inches of rain fell in May and 10.9 in the last 14 days 
of September. Moreover, the creek ran during a greater mimbor of days 
in 1036 than in 1035, although there was ai)proximately 12 inches less 
rainfall, with unfavorable distribution. 

Similar rcsiills have been obtained generally in most of the demon- 
stration areas now in operation. The adoi)Lion of a planned system of 
land use, involving the integrated use of a variety of conservation meas- 
ures, has in many instances effectively secured the soil against erosion. 
SimiilLaneoiisly, flood crests have been lowered, and the silt content 
of the water reduced along many streams draining project areas. In 
the Great Plains, practically all the rain falling on properly treated fields 
and paslurcvS has been held on the gTound to be absorbed, furnisliing 
moisture for a cover of vegetation adequate to protect tli(‘ soil from both 
wind and water erosion. Moreover, in a number of instances, much or 
all of the rain that normally ran to waste through roadside ditches, 
gullies, and other drains lias been direeied to u.S(‘ful purposes by diversion 
into fields and pastures. 

There is ample evidence that, on many of the demonstralion areas, 
lands that a sliorl time ago were declining steiidily, along witli the agricuP 
ture on them, are now well safeguarded from erosion. Furthermore, as a 
result of erosion-control work, many of these farms are moving steadily 
in the direction of increased yields per acre. In some instances, larger 
profits have been due in part to better prices; but to no inconsiderable 
degree, the upturn is the result of wiser land use and the reorganix:alion of 
farm operations to achieve maximum efficiency in production. The con- 
servation of rainfall alone has resulted in approximately a 25 per cent 
increase in productivity on both crop and grazing land in many of the 
demonstration areas. 

Work of CCC Camps. Closely related to the seri(\s of watershed 
demonstration areas arc a number of conservation projects workc'd by 
camp units of tlic Civilian Conservation (hirps under tlie direction of the 
Soil (Conservation Service. A (X'C camp with its resources of man power 
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and equipment is in itself an effective work unit. Many camps have been 
attached directly to demonstration projects in order to supplement the 
facilities of the project organization in executing its work program, and 
some are assigned to the larger Western watershed projects to provide 
labor for various types of work on public lands. The greater number, 
however, are located outside the boundaries of the regular project areas 
and work on privately owned farm and grazing lands. 

These camps operate within specified work areas selected to serve as 
effective community erosion-control demonstrations. They work on farms 
within a radius of approximately 15 miles from the location of their 
headquarters. 

Some camps have been used almost entirely for special operations, 
such as the construction of large dams, the quarrying and grinding of 
limestone, and the collection of planting materials for soil conservation 
nurseries and for immediate use on the land. Certain camps have been 
assigned to emergency tasks, when occasion demanded. They have fought 
forest fires, performed rescue work in connection with floods, and cleaned 
up the debris left by swollen waters. 

The major portion of the work in erosion-control camps, however, 
involves the installation of soil-conserving measures on farm lands. This 
work includes such activities as gully control operations, terrace outlet 
construction and protection, planting of trees and shrubs, running con- 
tour lines for furrows and terraces, and building structures for stream- 
bank protection. Many of the enrollees, on completing their course of CCC 
enrollment, return to rural communities and homes, where their training 
and experience aid them in furthering the spread of soil conservation 
principles and practices. 

CCC labor, organized to work together on complicated areas, requir- 
ing the application of many practical control measures, properly inte- 
grated to meet a diversity of land needs, is peculiarly well suited for the 
performance of soil and water conservation work. 

Through these demonstration projects and the work of the CCC 
camps, farming people throughout the country have had an opportunity 
to observe the effects of conservation farming and to learn how it is done. 
Primarily, the function of the demonstrations has been educational, 
although no inconsiderable amount of land within the project and camp 
areas — some 33 million acres of private and public lands, all told — had 
been brought under the protection of conservation methods by the 
end of 1938. Their primary purpose is merely to introduce in a small 
cross-sectional area the conservation measures adapted to a large natural 
land-use region. Obviously, they do not attempt to solve the problem 
on all the land of the region but seek only to point the way toward the 
solution. 
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Action 

One of the most important developments of recent years in the field 
of soil conservation has been the emergence of the soil conservation 
district as a mechanism for cooperative conservation action on a local 
scale by the users of the land themselves. Through these districts, estab- 
lished under state law, the facilities of government, both state and Fed- 
eral, can be brought most efiectively into play in response to the direct 
demand of farmers and ranchers. The districts represent a significant 
development in bringing democratic processes to bear upon the problems 
of the land. 

The rapid growth of soil conservation districts in the last two years is 
significant, moreover, of a trend toward the assumption of conservation 
responsibility by local people. Thirty-six states have enacted legislation 
authorizing the formation of these local cooi)erative land-use organiza- 
tions. As of Sept. 15, 1939, 1*33 districts had been formed, covering an 
aggregate area of some 70 million acres of private farm and grazing land. 

The function of the district is to develop and carry out a program of 
proper use for all the land within its boundaries. The district itself may 
undertake to carry out the work; or it may request the assistance of the 
Soil Conservation Service and other agencies of the Government. Actu- 
ally, the latter course usually is followed, since districts, in the beginning 
at least, seldom have the facilities for extensive reorganization of land use. 

The program drawn up and proposed by a new district, embracing five 
counties in north-central (Jeorgia, will indieai(‘ tlie part tliat these local 
agencies are now taking in the national land-use picture. 

The declared olqeclives of Llie program of tins Georgia district are, in 
general, to “enalde farmers to raise and maintain a suitable standard of 
living and to perj)etuatc agricultural resources within the district.” More 
specifically, they arc (1) to bring about the adoption of necessary practices 
for the conservation of soil resources; (2) to make the adjustments neces- 
sary to a wise land-use program, such adjustments being directed toward 
an increased income for individual fanners; and (3) to develop necessary 
land-management practices such as would provide for the efiicient utiliza- 
tion of extra feed and pasture resources resulting from Llie realignment 
of farm cropping systems. 

In approaching those objectives, tlie district proposes a number of 
land-use readjustments, including an increase in total cropland of ap- 
proximately 12,500 acres; an increase in pasture land of ai)pr()ximatcly 
7,500 acres; a decrease in woodland pasture of api)roximately 8,000 acres; 
a decrease in idle land of about 00,000 acres; the refoi'cstation of some 
30,000 acres of eroding land currently in crops; the ])urcliase and develop- 
ment of approximately 200,000 acres of submarginal land; the reha- 
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bilitation of some 2,900 farmers througli loans by the Farm Security 
Administration (FSA) ; the protection and improvement of 26,000 acres of 
farm woodlands; the development of food and cover for wildlife; and the 
installation of sound conservation practices, such as strip cropping, 
terracing, cover cropping, and planned rotations on all cultivated land 
vulnerable to erosion. 

Into this district, at the specific request of the district supervisors, 
the Soil Conservation Service is bringing the facilities of a major public 
action program. It has the authority to assist in planning and applying 
soil-conservation measures on individual farms; in establishing good 
woodland and pasture management practices; in reforesting or regrassing 
croplands retired from cultivation; in purchasing the areas of submarginal 
land recommended for permanent retirement by the district; and so on. 
Through alliance with the district, the Service is enabled not only to 
readjust land-use practices on individual farms but .to &t these single farm 
realignments to the larger pattern of desirable land use in the district 
as a whole. 

Wherever possible, activities of the Soil Conservation Service are now 
being carried out in direct cooperation with soil conservation districts. 
As rapidly as new districts are formed in the various states, the Service 
endeavors to cooperate with them to the extent of available resources, 
where the districts request such cooperation. In this way the Service 
will be able to assist most effectively the large groups of farmers who are 
cooperatively engaged in the prevention of soil wastage on a large scale, 
and whose holdings and operations represent all land within a complete 
watershed or natural land-use area. 

This does not mean that the demonstration program is to be aban- 
doned or that the principle of demonstration is to be ignored as the 
Service prepares to assist districts. The projects and camp areas already 
in operation, and individual demonstration farms established in coopera- 
tion with the State Extension Services, together with new demonstra- 
tion units to be established in the future, will be necessary to provide a 
background of substantial experience in planning and applying control 
measures and to serve as proving grounds where measures and practices 
can be applied and studied under conditions peculiar to each natural 
area. 

In accordance with the policy of the Department of Agriculture, 
however, new watershed demonstration projects are being established at 
present only in those states which have passed adequate soil conservation 
district laws. Exceptions to this policy are found, of course, in those states 
in which the legislatures have not had an opportunity to consider such 
legislatiojj. and in those in which the Service has not previously established 
watershed demonstration projects. 
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Where demonstration areas are necessary in the future, to provide 
proving grounds for proper control measures, they will be established, as 
a general rule, in cooperation with soil conservation districts organized 
under state acts. Likewise, the services of CCC camp enrollees working 
under the technical supervision of the Service will be provided in the 
future in accordance with this same principle, in so far as is feasible. 

The operations carried on by the Soil Conservation Service in districts 
will follow the same principles of soil and water conservation, through 
the application of the coordinated method of land treatment, according 
to adaptability and economic feasibility, as have been employed on the 
demonstration projects. 

Direct Action on Federally CoNTXiOLLED Land. Several direct 
action projects have been established on areas consisting largely or 
entirely of Federal lands. One outstanding example is that of the Navajo 
Indian Reservation, with an area of about 16 million acres; another 
comprises the Gila River watershed above tlic Coolidge Dam in Arizona 
and New Mexico, with an area of 8,200,000 acres; a third covers the 
watershed of the Rio Grande River above the Elephant Butte Reservoir, 
with an area of 11,500,000 acres; and still anotlier is located in the Sho- 
shone Indian Reservation in Wyoming. The Navajo project includes 
lands that contribute vast quantities of silt to the reservoir al)ovc Boulder 
Dam and involves the preparation and extensive application of compre- 
hensive erosion control, land use, range control, and water-conservation 
meavsures and devices. It also involves the reorientation and stabilization 
of the entire agricultural economic system of the 45,000 Navajo Indians. 
The (iila project involves seriously eroded and eroding lands cons ti tilting 
the basis of a widesi)rea(l livestock industry. From lliese overused lands, 
great quantities of silt arc washed into G.oolidge Reservoir. The Rio 
Grande project covers the most densely populated and productive area 
in New Mexico, now Llirealened wiLli abandonment because of serious 
erosion and sedimentation resulting from overgrazing and other mal- 
practices with respect to land use over the watershed. The Elephant Butte 
Reservoir is also subject to rapid silting. Tho problem of land d(q)r(‘eiation 
in the flood basin of the Rio Grande and its tributaries is an exceedingly 
serious one, involving impoverishment or outriglit ruin of the range by 
erosion, troiible>s()me sedimentation, waterlogging, and increasing flood 
damage. 

On these Western lands, the task of cutting down soil and water 
wastage is complicated by a number of pliysical and economic factors 
peculiar to the region. 

In the first place, the pattern of land ownership over much of the range 
country is quite different from that whieli prevails in the Eastern and 
Central sections of the nation. An ownership map of many sections will 
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show Indian reservations, unallotted tracts of public domain, school 
lands, state and national forest reserves, Federal grazing districts, railroad 
lands, and small and large private holdings, frequently intermingled in 
such complexity as to make it difficult to achieve adequate coordination 
in the application of needed soil- and water-conservation measures. 

Any sound approach to the twin problems of controlling erosion and 
conserving rainfall must recognize the value of the land involved. Ob- 
viously, elaborate and costly measures can scarcely be justified when 
used to protect land of inherently low economic worth, except in those 
situations where the work provides worth-while protection to other more 
valuable areas or to important reservoirs. On the large Western watershed 
projects, where the Soil Conservation Service is operating, much of the 
area falls in the category of relatively cheap land. Except for the devel- 
oped holdings within irrigation districts, the great bulk of these areas 
consists of large tracts of low-priced land used for grazing. Expenditures 
for erosion control must therefore be carefully limited and measured 
against damage to reservoirs, irrigated areas downstream, etc. Every 
effort must be made to extend the benefits from a few inexpensive meas- 
ures and devices over the largest possible area. Numerous scattered areas 
of exceptionally favorable soil and situation, however, warrant more 
intensive treatment. Certain areas of valley land, especially of alluvial or 
valley-fill soil of low salinity, can be made to produce excellent stands of 
grass and even good crops of corn, beans, etc., by controlling runoff in 
such a way as to spread the water over the surface and so conserve it 
within the soil. 

The low annual rainfall on these project areas, typical of vast sections 
in the West, is a factor that seriously limits the production of an adequate 
vegetative cover. Moreover, the torrential quality of the infrequent rains 
compounds the problem of controlling runoff. In addition, many areas 
requiring treatment are difficult of access, and some have developed, 
within both historic and prehistoric times, desert and near-desert 
conditions. 

In spite of these difficulties, however, the general method of attack on 
the soil erosion problem in these areas is similar to that employed on the 
smaller demonstration projects throughout the country. The chief differ- 
ence lies in a greater emphasis on the problem of restoring vegetation 
to misused ranges. Also, a consistent attempt is made to select work areas 
scattered throughout these extensive projects at the most advantageous 
locations. Aerial surveys furnish the base for the necessary mapping and 
planning by the technicians. Work plans are developed, as they are on 
the smaller projects, under the terms of cooperative agreements that 
specify in some detail the respective contributions of the Service and of 
individuals and cooperating agencies. 
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Since the major portion of the land in these four large Western projects 
consists of open range, the program of the Soil Conservation Service is 
based largely on the scientific management of livestock and improved 
treatment of grazing lands. Grazing is controlled in such a way as to 
encourage the reestablishment and continued healthy growth of protec- 
tive vegetation useful for forage. This aim is realized through a many- 
sided program, including the use of permanent and temporary fences, the 
development of wells and stock ponds, and the limitation of livestock 
numbers to the actual carrying capacity of the range. Supplementary 
mechanical aids, such as contour furrows and water-spreading dams or 
dikes, are employed to hasten revcgetation. In addition to protecting the 
land surface on these watersheds, all this work, including the range 
management, is helping to reduce silting in the reservoirs that receive the 
runoff from the areas under treatment. 

The work on this federally controlled land is largely in the nature of 
land rehabilitation. It is aimed primarily at the improvement and stabili- 
zation of extensive tracts, most of which have suffered from improper use. 
The present work areas, however, also have a decided demons trational 
value. As the effectiveness of the measures employed becomes evident, 
it is expected that similar work will be undertaken through local initiative 
on large and small adjacent or neighboring lioldings. With this probable 
spread of local effort and with the continued assistance of the Federal 
Government, the satisfactory stabilization of vast areas of these extensive 
Western lands seems a distinct possibility within the next 20 or 30 years. 

Purchase of Suhmarginal Land 

An important phase of the broad program of soil and water conserva- 
tion involves the establishment of practical methods for the utilization of 
marginal and submarginal lands, since such lands must be retired from 
cultivation if erosion is to be controlled effectively. When this type of 
land occurs with relative infrequency bcLwcen productive fields, it is 
planted to grass, legumes, shrubs, vines, or trees in such a manner as to 
control erosion and provide, wherever possible, the supplementary income 
needed to replace that which the owners or operators formerly ol)Laincd 
through cropping and oilier land-use practices tliat caused exhaustion of 
their capital land assets. Where practicable, those types of vegetation are 
utilized which furnish a food supply and coverts for llie development of 
game resources — resources that the farmers can turn to profitable use by 
disposing of hunting privileges. Betterment of farm habitability is also 
given consideration in the operations aimed at the establishment of 
physical security for the land and economic safeguards for those living 
by the land. 
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A much more difficult land utilization problem is presented in those 
regions where marginal and submarginal lands exist in such large blocks 
that they cannot be operated profitably under individual ownership. 
Where such areas occur, they may be purchased by the Federal Govern- 
ment, the states, or the local communities, in order to establish thereon 
Government, state, county, municipal, or community forests, recrea- 
tional facilities, or some other public welfare interest. 

For example, in the Great Plains, there are many areas where both 
public and private lands are broken up into tracts that are unsuited to 
cultivation and yet too small for grazing units. By buying out the private 
lands, the Government can include them, together with the public lands, 
in large grazing areas that can be managed efficiently. Near-by stockmen 
can then run cattle on these grazing areas, through the operation of some 
leasing system, and the grass can be protected from overgrazing and 
wind blowing as it could not be before. 

In a similar way, farms on unproductive land scattered through forest 
areas can be bought and turned over to forest use. Wasteful land practices 
will thereby be stopped, and the heavy costs for schools and roads to 
serve these unproductive farms will be brought to an end. 

These land purchases are being concentrated in areas where other 
measures are being combined with public acquisition to bring about a 
more productive use of land. For example, purchase preference will be 
given to areas where rural zoning regulations are in effect or where soil 
conservation districts have been organized. 

Moreover, lands are selected for purchase where public ownership 
will help achieve as many different aspects of good land use as possible. 
For example, land will be bought in an area where public purchase will 
help control floods, restore needed range resources, and eliminate heavy 
costs for local government, in preference to an area where the public 
acquisition of land would further only one of these objectives. 

Before lands are purchased, arrangements are made for the manage- 
ment of the lands by some public agency, of either the state or the Federal 
Government, that is best qualified for that work. Most of the development 
of the land will be done by the agency in the care of which the land will be 
placed. No land purchased under this program will be resold to private 
individuals. It will be kept in public ownership, although grazing lands 
may be leased to private operators. 

When an area has been selected for purchase in the light of the land- 
use plans mentioned above, individual landowners are notified of the 
opportunity to sell their land to the Government at a fair price, based 
on its appraised value. Whether or not a purchase project is con- 
summated in any such area depends on the willingness of landowners to 
sell. 



328 


SOIL CONSEEVATION 


Flood Control 

Activities under the flood control program of the Soil Conservation 
Service involve the survey of watersheds and treatment of lands con- 
tributing to the flood hazard within those watersheds approved by the 
Congress for flood control activities, including such lands as may be 
purchased under the acquisition program described on pages 326 and 327. 

For many years, workers in the fields of agriculture and forestry have 
contended that proper watershed-protection practices or measures for 
upstream control are needed on most watersheds to supplement down- 
stream works, if the flood problem is to be solved adequately. This con- 
tention has resulted from research work indicating the tremendous 
possibilities for watershed absorption of rainwater by utilizing the vast 
storage capacity of the soil. The reservoir capacity of the land is 
especially significant where there is adequate vegetal cover or when the 
land is provided with proper mechanical checks against rapid 
runoff. 

It has not been contended that u]>sLream control measures generally 
could be relied on as the sole solution of the flood problem but rather 
that such measures would represent a first line of defense in any com- 
prehensive flood control and water utilization i)rogTam. Many who have 
studied the situation arc convinced that man, through his activities 
with axe, plow, herds, and fire, has created conditions that increase the 
possibilities of greater floods. To the extent to which this has occurred, 
walershed-proLectiou practices should be used in any program of flood 
control. 

The principle of protecting the entire watershed was first recognized 
as a part of a national flood control policy in the Omnibus Flood Ck)ntrol 
Act of 1036. This act and Hiil)se(iueut amendmeiits have authorized the 
Secretary of Agriculture to make preliminary oxaininalions and surveys 
for runoff and waterfiow retardation and soil erosion prevention on 
watersheds involving more than 00 per cent of the land area of the 
country. Moreover, the Secretary has been authorized to prosecute 
meastircs of improvement on the watersluids of all waterways for whicli 
the War Department has been authorized to carry on flood control works. 
An appropriation was made by (Congress for initiating the application of 
watershed-protection measures during the fiscal year 1038-1930. 

The objective of the Flood C!oiitrol Act of 1036 is to protect existing 
values from flood damage through the control of destructive flood waters 
and flood-borne sediment. The act docs not limit or retard any agency of 
I he Department in carrying out similar and related activities authorized 
under other legislation. Neither is it intended that the related activities of 
departmental agencies are to be expanded through the use of flood 
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control funds, except as they constitute an integral part of a specific flood 
control project. 

Upstream flood control measures are being distinguished from the 
land-use adjustment and conservation programs of the Department, 
although many of the techniques employed are similar. Upstream flood 
control measures are directed to the control of flood flows and the stabili- 
zation of soils in headwater areas for the protection of existing values 
downstream. The land conservation programs are directed to the better 
use of land and water resources for the maintenance of a permanent 
agriculture. Each class of work creates a distinct kind of Federal and local 
relationship. Each requires particular standards of procedure, justifica- 
tion of costs, and obligations of maintenance. Each can be integrated 
in the case of many watersheds to further a common program for the 
conservation and proper utilization of the soil and water resources of the 
nation. 

General direction of the flood control work of the Department is vested 
in a Flood Control Coordinating Committee consisting of one representa- 
tive each from the Bureau of Agricultural Economics, the Forest Service, 
and the Soil Conservation Service. This committee formulates policies, 
establishes priorities of watersheds for preliminary examinations and 
surveys, allocates funds, and assigns leadership for surveys of the several 
watersheds to one of the participating bureaus. The operations phases of 
the program are to be directed by either the Forest Service or the Soil 
Conservation Service, on the basis of the predominance of forest or farm 
land in the watershed. 


Water Facilities 

During the successive dry years of 1934, 1935, and 1936, rural distress 
in the arid and semiarid sections became so acute that the President 
appointed a Great Plains Committee to study the problem and recom- 
mend a program that would lead to a sound and permanent agriculture in 
low-rainfall areas of the West. In its report, this committee points out 
that an irregular rainfall is the most striking general characteristic and 
one of the greatest natural handicaps to much of the Plains country west 
of the 100th meridian. The committee states further that if farming and 
ranching in many parts of the Great Plains are to survive, and if the 
population of village and urban trade centers is to be sustained, all avail- 
able water resources will have to be conserved carefully and utilized 
wisely. The committee’s report recommends Federal aid in the develop- 
ment of small water facilities in arid and semiarid areas. ^ 

^ Cooke, Morris L., REA, Chairman; Bennett, H. H., SCS; Gray, L. C., RA; Harrington, 
F. C., WPA; Moore, R. C., Corps of Engineers; Page, J. C., Bur. Reclamation; and Person, 
H. S., REA, The Future of the Great Plains, Great Plains Comm. Uept., Washington, 1936. 
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In line with this recommendation, the 75th Congress passed the Water 
Facilities Act {Public No, 399, 75th Congress, sometimes referred to as the 
Pope~Jones Act) directing the Secretary of Agriculture, through existing 
agencies of the Department, to assist farmers in constructing and install- 
ing small water facilities in the arid and semiarid areas of the United 
States. 

In accordance with this Act, the Department has initiated in the 17 
Western States a water facilities program under which funds are being 
expended or loaned to farmers for the development of carefully planned 
water facilities. The program aims to encourage wiser use of agricultural 
lands over a period of years and, through this better land use, to promote 
the rehabilitation and welfare of the people who live on the land. 

Under this program, small facilities are being provided to effect the 
storage or utilization of water for livestock and for irrigation of lands 
suitable for farming. Farmers and ranchers are receiving direct Federal 
assistance in developing ponds, small reservoirs, wells, springs, pumping 
facilities, water spreaders, stock water tanks, small irrigation facilities 
for individual families or groups of families, and retention and diversion 
dams. This assistance is available to needy landowners and to renters with 
long-term leases or annual renewable rental contracts. It may be in the 
form of technical aid, or it may be in the form of a long-term loan at 
3 per cent interest to pay for construction or installation of the facilities 
needed. The Department is not requiring reimbursement for its technical 
services or other general administrative costs. Ilowever, the benefiting 
farmer or rancher must agree to make the maximum possible contribution 
toward the cost of the facility that his economic condition permits, by 
furnishing labor, teams, materials, and oilier eciuipment. The amount 
to be repaid on the loan is adjusted to the individual borrower’s ability 
to repay, as determined by the Department. 

After an area has been selected for water facilities work, the first step 
is to formulate a general jilan. All types of land within the area are 
classified according to the uses for wliicli they are best suited, and recom- 
mendations arc made for the develoiunent of suitable water facilities. 
Detailed plans arc then drawn up for each farm or I’ancli where the work 
is to be carried on. 

These detailed plans include a water facilities plan that indicates the 
type and location of the facilities needed to promote the best possible use 
of the laud and water resources; a plan of conservation operations, which 
is simply a field-by-field description of necessary erosion control measures 
and practices; and a farm and home management plan setting forth a 
detailed cropping system that will provide living expenses, operating 
costs, and repayments on the loan (if one has been granted), as well as 
adequate supplies of food and feed for family and livestock. 
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Work of Other Agencies 

In addition to the Soil Conservation Service, of course, other agencies 
of the Federal Governnaent and the states are engaged in programs of 
physical land use looking to the conservation of soil and water. Among 
these allied units are ; 

I. The Forest Service. Among the major functions of the Forest 
Service are the protection, development, and administration in the public 
interest of the federally owned national forest system and its resources, 
products, values, and services; and the prosecution of a program of 
research in problems involving protection, development, management, 
renewal, and continuous use of these resources, products, and values. 

The national forests are located in various parts of the Appalachians 
from New Hampshire to Georgia, around the Great Lakes, in the Southern 
Pine Belt, and on the slopes of the Rockies, Cascades, the Sierra Nevada, 
and the Coast Ranges between Canada and Mexico. 

“Including slightly more than 1,000,000 acres approved for purchase . . . 
the national-forest system ... as of June 30, 1938, comprised 175,^38,168 acres 
of federally owned lands. Established irrespective of State boundaries, these 
public properties are distinct from national parks in that they are administered 
on a multiple-use basis, with renewal of all their resources and values. 

“Today’s national forests offer striking contrasts between civilization and 
wilderness, industrial activities and pastoral, material values and spiritual ones. 
More than 1,280 million feet of timber was harvested from them, under provisions 
that assure continuity of the forest stand, in the fiscal year 1938. They already 
provide a living for almost a million people and recreation for 30 million each 
year; are home and refuge for most of our remaining big game; include some 
70,000 miles of fishing streams and more than 3,500 developed public camp- 
grounds; furnish forage for more than 6,857,000 domestic livestock; help prevent 
floods and erosion; and provide domestic water for 6 million city people. They 
have a public transportation system that includes more than 138,000 miles of 
highways and roads and 153,000 miles of trails. Gross receipts from the national 
forests in the fiscal year 1938 were $4,671,133, with $1,178,883 returned to the 
States.”^ 

Increasing numbers of stockmen, who use portions of the national 
forests for grazing, recognize the fact that conservative management 
means a lower death loss (especially in times of drought), increased lamb 
and calf crops, better animals, better wool, and a higher net return. 
Irrigationists now recognize their interest in the national forest lands, 
from which they derive their water supply. Townspeople, at least in- 
directly dependent on the welfare of forest, range, and farming industries, 
are becoming increasingly aware of their responsibilities in the manage- 

^ Report of the Chief of the Forest Service for 1938, 
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ment of public forests. These and other benefits are a part of the record 
of the Forest Service — a national achievement in conservation. 

II. Biological Survey. The Bureau of Biological Survey had its 
inception in 1885 as the Branch of Economic Ornithology in the Division of 
Entomology. In the half century since C. Hart Merriam gathered together 
a handful of workers to investigate the relations of birds to agriculture, it 
has evolved from a purely research institution into an organization of 
considerable complexity, reflecting the profound changes that have taken 
place in the Department of Agriculture. Whereas the first tasks essayed 
had to do largely with the effects of birds and mammals on human inter- 
ests, the migrations of birds, and the distribution and classification of the 
native fauna, the functions of the Survey now encompass such diverse 
activities as the large-scale acquisition of land for wildlife refuges, the 
enforcement of certain laws bearing on the welfare of wildlife, and the 
allotment of Federal funds for state aid and the management of huge 
tracts of land as well as a greatly expanded research program. The 
embryonic bureau, composed of a few naturalists with vision, was of 
scarcely more than academic interest to the agriculturist; today the 
Biological Survey is one of the major land-use agencies of the nation, 
and the results of its research influence the management of millions of 
acres of land not actually under its jurisdiction. 

The latest report (as of Aug. 31, 1038) shows that the Biological 
Survey administers 248 wildlife refuges with a combined area of more 
than 11 million acres. Several million of tliese acres arc lakes, marshes, 
and swamps which conlribule directly to the conservation of the water 
re.sources of the country and whicli, l)y retarding the heavy discharge of 
runoff water into stream channels, play an important part in reducing 
flood hazards on a number of drainages. More than 5 million acres of the 
land under the jurisdiction of the Biological Survey arc managed for the 
benefit of herds of large game species that have been threalencd with 
extinction. The latter areas, consisting chiefly of upland, play a part in 
the general scheme of soil and water conservation, since overgrazing is 
not permitted, and definite efforts arc made to encourage the reestablish- 
ment of as nearly natural conditions as iiossiblc. This means the return 
of normal vegetative protection to the land, which in turn means a 
minimum of runoff and erosion. In fact, the establishment of these 
wildlife refuges has insured safe use for many thousands of acres of 
submarginal land retired from crop production and consccpicnt deteriora- 
tion, through Federal purchase un<ler the land-use adjustment program. 

The influence of the research work of the Biological Survey extends 
far beyond the confines of the lands that it actually controls. Facts 
concerning food habits and life histories of bii’ds and mammals, developed 
by this research, arc used regularly in the devcloj)ment and administra- 
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tion of millions of acres of land under the jurisdiction of the Forest 
Service, the Soil Conservation Service, the states, and even private 
owners. The Soil Conservation Service, particularly, has relied on the 
plant-food habit studies of the Biological Survey as a guide in the selec- 
tion of plants to control critically eroding areas. Thus, plantings for 
both wildlife and erosion control are being demonstrated to thousands 
of farmers and ranchmen throughout the country. 

In other words, although the program of the Biological Survey is 
aimed directly at the conservation of wildlife, it makes an important 
contribution to the conservation of the basic resources of soil and water. 

The Biological Survey was transferred to the Department of the 
Interior July 1, 1939. 

III. Division of Grazing. The Division of Grazing of the Depart- 
ment of the Interior, established under the Taylor Grazing Act of 1934, 
is actively engaged in improving the grazing use of some 120 million 
acres of public domain. This activity represents the most important step 
toward the control of erosion and excess runoff on these lands. The 
primary objectives of this agency are: ‘‘To stop injury to the public 
grazing lands by preventing overgrazing and soil deterioration, to provide 
for their orderly use, improvement, and development, and to stabilize the 
livestock industry dependent upon the public range. . . . 

In cooperation with local associations of stockmen, state land officials, 
and various other agencies, the Division of Grazing conducts range 
surveys to determine the carrying capacity and proper seasonal use of the 
land; prescribes rules and regulations for range use; issues permits for 
such use through district advisory boards made up of representatives 
elected by the stockmen; and engages in operations designed to rehabili- 
tate, improve, and preserve the public range land included within estab- 
lished districts. 

IV. State Agencies. State agricultural colleges; experiment sta- 
tions; extension services; vocational training services; planning boards; 
and conservation, forestry, and agricultural departments are actively 
engaged in educational, research, planning, or action programs bearing 
directly or indirectly on the problem of soil and water conservation. 

In one or more phases of the conservation problem, the Soil Conserva- 
tion Service, Forest Service, Agricultural Adjustment Administration, 
Farm Security Administration, Bureau of Agricultural Economics, 
Farm Credit Administration, Bureau of Plant Industry, and other agen- 
cies of the Department of Agriculture are cooperating with the state 
agencies. In addition, other Federal agencies, such as the Bureau of 
Reclamation, Division of Grazing, Office of Indian Affairs, Biological 
Survey, and Geological Survey of the Department of the Interior; 
the Corps of Engineers of the War Department; the Civilian Con- 
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servation Corps, National Resources Committee, Tennessee Valley 
Authority, Works Progress Administration, and Public Works Adminis- 
tration are cooperating with one or more of those state agencies whose 
activities are related to the land and its welfare, the welfare of people 
living on the land, conservation of rainfall, flood control, prevention 
of silting, or conservation of forests and wildlife. 

In a number of states, the highway departments, the Soil Conservation 
Service, and the Bureau of Public Roads are cooperating for the control 
of erosion along public highways. This work is contributing also to high- 
way beautification and traffic safety. 

As soil conservation work progresses, the role of state extension serv- 
ices becomes increasingly important- With their staffs of county agri- 
cultural agents, they are in an excellent position to stimulate and assist 
in the widespread adoption of conservation measures. In some parts of 
the country, state extension services have long recommended certain 
individual practices, such as terracing, for erosion control. Currently, 
however, more and more states are advocating erosion control through 
the coordinated use of all adaptable conservation measures. To present 
their recommendations more effectively, a number of states, through 
their extension departments, working with the Soil Conservation Service, 
have established cooperative demonstrations for erosion control and 
water conservation in the farming sections. 

Staff members of state agricultural colleges and other educational 
and research institutions arc giving more time to the study of different 
phases of the erosion problem, including its economic and sociological 
aspects. Information of this type, essential to the practical adoption of 
conservation methods, is being developed on both a localized and state- 
wide basis. Wherever possil)le, the Soil ( k)Uservation Service is coop- 
erating in this work. 

State experiment stations also are playing an important part in the 
furtherance of soil conservation. In co()j)erali()n with the Soil Conserva- 
tion Service, they arc participating in the dcvolopmenl of fundamental 
fads bearing on the erosion process, on the improvement of present 
methods of control, on discovery of new methods, and on many other 
aspects of the erosion problem requiring researcli. The relation of erosion 
to such factors as soil type, soil condition, toj)ography, and the intensity 
of precipitation is being given particular attention. 

Relief of Economic and Social Pressures 

The economic and social ramifications of the land-usc problem are 
both extensive and complex. Economic and social maladjustments both 
cause and stem from physical land ills; almost any action affecting the 
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physical use of land will have immediate or ultimate consequences of an 
economic and social nature. The realignment of fields, adoption of rota- 
tions, use of moisture conservation devices, and other similar purely 
physical land-use practices eventually bring about, in most instances, a 
larger return per acre in terms of crops or income. For this reason, virtu- 
ally all the conservation activities heretofore outlined exert some influence 
in either correcting or mitigating the economic pressures that cause men 
to abuse the land. 

There are, however, a number of agencies directly concerned with 
economic and social aspects of the land-use problem. They form an 
integral part of the broad-scale national program that has developed in 
recent years. Notably, these agencies are: 

I. The Agricultural Adjustment Administration. This Federal 
agency seeks to bring farm income into its proper relation to industrial 
income through payments to farmers for the adoption of conservation 
land-use practice. The purposes of these payments, in other words, are 
to promote the spread of conservation practices and to relieve farmers 
of the economic stress caused by crop surpluses and the consequent low 
prices for farm products. 

In 1936, following the Hoosac Mills case in which the United States 
Supreme Court invalidated the crop control and processing tax aspects 
of the Agricultural Adjustment Act, the making of benefit payments to 
farmers in return for the adoption of soil-conserving practices on their 
farms became the principal basis of operation in the Agricultural Con- 
servation Program.^ Schedules of payments were offered for reduction in 
the acreage of soil-depleting crops— generally those cash crops of which 
there was a national surplus. In addition, payments were authorized for 
soil-building practices, such as the use of legumes and grass, and, to a 
limited extent, for terracing and contour furrowing and the application 
of fertilizer and crushed limestone. 

The practices for which benefit payments were made varied through 
the several agricultural regions of the United States. In actual operation, 
during the first year of the Agricultural Conservation Program, the bulk 
of the payments were made for reductions in the acreage of the soil- 
depleting crops, such as cotton, wheat, corn, and tobacco. On the average, 
only about ^0 per cent of the total payments were made for such soil- 
building practices as the seeding of grass and legumes, the use of fertilizer, 
terracing, and contour furrowing. 

In 1937, the program shifted its emphasis more toward payments for 
definitely soil-building practices, although it continued to make most 
of the payments for reductions in soil-depleting acreages. In the Agricul- 
tural Adjustment Act of 1938 {Public No, 430, 75th Congress), the soil- 
^ Agricultural Adjustment Administration Ann. Repts.y 1936, 1937. 
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conservation objectives were preserved as major provisions of the farm 
program. 

II. The Farm Secxthity Administration. This Federal agency has 
been assigned the task of helping needy and low-income farm families to 
become self-supporting. A majority of these families probably are victims 
of ill-fated attempts to farm on submarginal land, on farm units of 
inadequate size, on eroded soil, or under unstable tenure arrangements 
and one-crop systems. Perhaps a combination of all these adverse factors 
is involved. 

To several thousand families who formerly lived on the submarginal 
lands purchased by the Resettlement Administration, the Bureau of 
Agricultural Economics, and the Soil Conservation Service, the FSA 
has offered a fresh start on good land in its Rural Homestead Projects. 
Other thousands in such areas have been helped to find and rent farms 
better adapted to agriculture. 

A larger segment of the farm population, however, has been helped to 
adjust its land-use practices through the FSA’s rehabilitation program. 
Under this program, low-income families unable to obtain adequate 
credit from any other source are given assistance in working out sound 
farm-management j)laiis an<l are loaned the funds necessary to put the 
plans into effect. 

The FSA has helped more than 650, 000 families through rural re- 
habilitation loans. A recent sample survey^ of the progress made by 
231,661 of these families indicates some of the important shifts in land 
use achieved ihrougli the system of planning and credit that is the heart 
of the FSA’s work. Since joining in the reliabililation program, these 
families have increased tlieir cultivated acreages l)y more than 27 per 
cent — often by renting additional land. They have diversified their 
cropping systems, nearly doubled their ownership of work animals and 
cattle, increased feed acreages by 50 per cent, and increased garden plots 
enough to double the amount of food canned and stored for personal use 
during the winter. 

Tile faim plans worked out by each family, in cooperation with FSA 
management specialists, usually call for terracting and contouring, plant- 
ing of cover cr()i)s, and other improvements l(\ss measurable in terms of 
statistics but nevertheless im])()rtant. 

The FSA has encouraged belter leasing arrangements among its 
tenant borrowers and their landlords. Between the Lime of entry into the 
rehabilitation program and Jan. 1, 1038, 08,065 of the 231,661 families 
mentioned above obUined longer renewable leases, 65,480 changed from 

^ Summary of Rural Rcluibilitalion Supervi.sors Progre.sH Rei)()rLs. Farm Security 
Admiriist ration (mimeographed), Dec. SI, 10tl7. 
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sharecropper to tenant status, and 66,566 obtained tenure of farms better 
adapted to their needs. 

Since July 1, 1937, the Farm Security Administration has adminis- 
tered a program authorized by the Bankhead- Jones Farm Tenant Act, 
under which approximately 5,000 farm tenant families will be loaned 
funds for purchase of farms of their own during the fiscal year 1989. 
Thus, incentives to good land use, which come with ownership and 
stability, are added to the farm-management training and assistance 
offered under the rehabilitation program. 

In summary, by offering to needy farm families instruction in sound 
farming practice, credit to finance needed adjustments, and new incen- 
tives to conservation, the FSA has done much to encourage conservation 
of the land itself. 


The Future 

Unless the United States goes ahead vigorously, persistently, and 
speedily to defend and conserve the soil and to make far-reaching adjust- 
ments in its complex land economy, national decadence lies ahead. The 
nation must continue to capitalize on experience and to advance through 
research. From the standpoint of the country’s soil resource alone, the 
need for action is now clear enough. Failure to act in the past already has 
caused the essential ruin or serious impoverishment of some 280 million 
acres of farm and grazing land. Now erosion is active on an additional 
775 million acres. The average citizen does not yet fully understand the 
deep significance of this waste or realize the hardships that it has caused 
by lowering thousands of land users virtually to the level of bankrupt 
farming, with its attendant discouragement and inertia. To date, the 
social and economic implications of this single facet of the erosion problem 
have not been fully probed and appraised. 

There is no longer a question of the need for coping with these evils. There 
is no longer a question as to zvhether the nation can cope with them. We know 
that we can. Millions of acres already have been effectively anchored against 
erosion. New and practical conservation measures are being developed con- 
tinually through research and experience on the land. Many of our economic 
and social difficulties on the land are beginning to be solved. We are moving 
constantly ahead though not yet with sufficient speed. 

It should be remembered that today’s necessity for public action is the 
outgrowth of yesterday’s failure to look more carefully to our land. Hind- 
sight is easy; but foresight during the last century, when our present 
land-use picture was in the making, would have produced a different 
result. Today, we are simply retracing our steps across the land in an 
effort to correct past mistakes in the interest of the future. 





Chapter XVI . Agronomic Practices 
in Soil and Water Conservation 


Soil completely covered with vegetation is in an ideal condition to 
absorb moisture and resist the inroads of erosion, provided the cover is 
continuous and the soil is well permeated with roots. Before the advent 
of white man, the soils of North America nearly everywhere were covered 
with forest, prairie, or plains vegetation, bush growth, or desert vegeta- 
tion. Under such conditions, erosion was limited to a normal, harmless 
rate. The accelerated erosion of comparatively recent years is, as already 
shown, a product of wholesale land denudation. It is definitely connected 
with the destruction of forests, the plowing of prairies and plains, and 
the overgrazing of pastures and ranges. While it is not possible to restore 
original vegetative conditions in the United Stales and at the same time 
maintain the nation *s agricultural economy, measures taken to conserve 
soil and water must be patterned, as far as possible, on nature’s own 
methods of soil defense. Tliis means the use of close-growing vegetation 
in connection with regular farm operations and for special purpovSCvS. 

There are several reasons why close-growing vegetation functions so 
effectively in elieeking soil and water losses. In the first place, such 
vegetation serves to reduce or eliminate entirely tlic direct impact of 
rain on the soil surface. Wliercver a drop of rain strikes a bare soil, 
particles arc agitated and loosened, and the finer ones are taken into 
suspension. J^y sheltering the ground surface with dense top growth, 
this first step in soil wastage is controlled. Then, too, the speed of water 
flowing over a surface is checked by the numerous stems of a close 
vegetative cover and by the vegetal debris left on the surface. This 
reduction in the speed of runoff decreases its 3)()wer to i)ick up and carry 
soil particles, while allowing more lime for its penetration into the earth. 
Finally, an increase in soil organic matter by root growth, especially 
in the instance of a permanent cover, or by Uie incorporation of vegeta- 
tion as green manure, improves the water-holding capacity of the soil 
and favors infiltration of water. liven vegetative debris, such as crop 
residues and straw, has an important place in checking both wind and 
water erosion and increasing the water-holding capacity of soil. 
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These principles are basic; they underlie any attempt to conserve 
soil and water by the use of close-growing vegetation. The particular 
vegetative methods used in any given situation, however, will depend on 
local farm needs, slope, soil type, and physical condition of the soil, 
on local adaptability of crop plants, and on the need of vegetation to 
support or complement engineering methods. 

Some vegetative methods of erosion control are applicable to all 
problem areas, while others, such as the use of winter cover crops and 
range revegetation, are more serviceable in some parts of the country 
than in others. In no region, however, should one method be depended 
on to the exclusion of all others. All are interrelated, and even on a single 
farm two or more methods may need to be used. For instance, crop 
rotation alone may be used where this will assure control, while other 
parts of the same farm may require strip cropping or a combination of 
strip cropping and crop rotation. All these methods may be used with 
or without terraces or contour cultivation, depending on slope and 
physical character of the soil involved. 

The principal methods by which vegetation is used to insure con- 
servation of soil and water are: crop rotation, strip cropping, pasture 
and meadow improvement, and the growing of crops for seasonal cover 
and green manure. Vegetation is also used in gully control, in the stabiliza- 
tion of field waterways and diversion ditches, in windbreaks, in buffer 
strips, in field ‘"edges ’’for protection of game, and in stabilizing range land 
to control wind and water erosion while increasing the grazing capacity. 

Frequently two or more of these methods are used in combination, 
as, for example, in the instance of crop rotation and strip cropping (strip 
cropping on a rotation basis). Simple crop rotation involves the growing 
of only one crop on one field in any one year, the crops being rotated by 
whole fields. In strip cropping, different crops are grown in a single 
field by planting them in alternate strips, not necessarily rotated. The 
rotation may, however, be by strips as well as by fields. 

Crop Rotation 

Crop rotation is generally defined as a more or less regularly recurrent 
succession of different crops on a single piece of land. The crops used are 
commonly a cultivated crop; a small grain; and a grass, legume, or 
legume-grass mixture. Of these, the cultivated crop exposes the soil to 
the maximum erosion; the small grain allows less erosion; and the grass 
or legume-grass crop effectively controls erosion during the period of its 
life. The fact that the cultivated crop follows the sod crop also tends to 
reduce soil loss below what it would have been had one cultivated crop 
succeeded another. The net result for the rotation period is almost invari- 
ably a reduced soil and water loss. 
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History. The rotation of crops on tilled fields is a very old practice, 
referred to by Roman writers before the Christian era and in the first 
century a.d. During the Middle Ages, however, all agriculture fell to 
such a low state that the only rotation for many centuries was the three- 
field system in which one field was in winter grain, one in spring grains or 
beans, and one fallow. No true soil-saving rotation was possible until the 
advent of cultivated grasses and clovers in the seventeenth century.^ 

The lack of systematic crop rotation in the agricultural practices of the 
American colonists was roundly condemned in 1859 by Baron von Liebig, 2 
who said : 

‘*The deplorable effects of the spoliation system of farming are nowhere more 
strikingly evident than in America, where the early colonists in Canada, in the 
State of New York, in Pennsylvania, in Virginia, Maryland, etc., found tracts 
of land, which for many years, by simply plowing and sowing, yielded a succession 
of abundant wheat and tobacco harvests. . . . In less than two generations, [these 
fields] though originally teeming with fertility were turned into deserts 

Sometime after tlic establishment of an independent nation, specula- 
tive farming became the general practice in the United States, and all 
possible effort was made to produce "‘cash crops.” Over long periods, 
continuous production of cotton in the South, corn in the Ohio and Upper 
Mississippi Valleys, and wheat in the central and northern Great Plains 
and in the Palouse country of Oregon, W’ashington, and Idaho, to the 
exclusion of all other crops in each of these sections, has resulted in an 
enormous loss of valuable land through erosion. P'or many years Federal 
and state agricultural agencies have advocated crop rotation, but the 
S})road of the practice has been slow. Generally, rotations have been 
adopted in the past only as a result of immediate economic needs rather 
than through any real appreciation of their value in reducing soil wastage. 
With increased understanding of the need for saving soil, however, crop 
rotations arc now assuming a greater degree of importance in American 
agricultural practice. 

PxmposE AND Advantagkb. Cr()j)s are rotated in order that soil 
productivity may be preserved and crop yiehls maintained. These objec- 
tives are gained because the practice of crop rotation systematizes farm- 
ing; saves labor; helps to control weeds, insects, and plant diseases; aids in 
maintaining soil organic matter and nitrogen; and lessens soil loss through 
erosion. 

TypEvS of Rotations. Crop rotations vary with the soils, economic 
conditions, and cropping systems of different farming regions. The S-ycar 
rotation of cultivated crops, small grain and grass or legume-grass, how- 

^ SimkhoviLch, Vladimir G. Hay and History, Political ^ci, Quar.t Vol. 28, pp. 358-403* 
1913. 

2 Hopkins, Cyril G. *‘SoiI Fertility and Permanent Agriculture.*’ 1910. 



PRACTICES IN SOIL AND WATER CONSERVATION 341 


ever, may be considered as basic. This can be modified in various ways by 
dropping one crop to make a 2-year rotation or by having one of these 
crops on the same field for more than 1 year, thus lengthening the rotation 
to 4, 5, or even more years. When grass or a legume, or a mixture of the 
two, forms part of the rotation, the cultivated crop usually follows 
immediately, and the small grain serves as a companion crop for the next 
stand of grass or legume. 

Of the various rotations recommended by state agricultural experi- 
ment stations, the following will serve as examples : In the extreme north- 
east of the Northern Appalachian and New England area (see Map 1, 
Problem Areas, “Results of Erosion,” Chap. Ill), approval is given to a 
potato, crimson clover or potato, oats, crimson clover rotation. Farther 
south in the same area, a corn, wheat, clover rotation is common. In the 
Southern Appalachian region, a rotation of corn with cowpeas, small 
grain, lespedeza, and cotton with a winter legume provides for three 
legume crops in 4 years. Where cotton is not grown, a 3-year rotation of 
corn, corn, meadow may be used. In the Central Prairie and Eastern Tim- 
bered Border region, in parts of which the practice of crop rotation is well 
established, an approved rotation includes corn, small grain, and meadow, 
with the last sometimes being left for 1 or 2 years as pasture. In the 
Ozark Highlands, corn interplanted with cowpeas is followed by cotton, 
and this by small grain followed by cowpeas. 

In parts of the Great Plains region, corn is replaced by sorghum, and 
wheat occupies the ground for a greater period, so that a typical rotation 
includes grain sorghums, oats and sweetclover, sweetclover alone, and 
finally wheat for 2 years. A variation is wheat 3 years, followed by 1 year 
of oats and sweetclover and 1 year of sweetclover alone. In the Palouse 
section of eastern Washington, a common rotation is seed peas planted 
with sweetclover, sweetclover plowed under the following June, spring 
wheat, seed peas, and spring wheat. In this system, the ground is left 
rough after plowing the sweetclover so that damage by erosion over 
winter is minimized. Another rotation that is used on land where peas 
are not grown is sweetclover and grass, usually tall meadow oat grass ^ 
for 2 years, wheat 2 years, summer fallow, and wheat. If crop residues are 
utilized properly, and a method of “trashy” fallow is employed, this 
rotation can be used with very little soil loss on slopes that are not too 
steep. 

^ Other grasses well suited to mixtures with sweetclover in this region are blue wild 
rye {Elymus glaucus), mountain brome {Bromus marginatus)^ slender wheat grass (Agro- 
pyron pauciflorum), Canada wild rye (Elymtis canadensis), crested wheat grass {Agropyron 
cristatum), smooth brome grass (Bromus inermis), tall fescue (Festuca elatior var. arundi- 
nacea), and orchard grass (Dactylis glomerata). The seed of some of these are not yet com- 
mercially available. 
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The principles to be followed in a soil-saving rotation are to reduce the 
time the land is occupied by a cultivated crop as much as the economic 
situation of the farm will permit, increase as much as possible the time it 
is covered by a legume or a grass, and reduce soil tillage. Furthermore, the 
same principle is applicable when some other type of crop is used for soil 
protection. For example, in western Kentucky a rotation of tobacco 1 year 
with strawberries S years may meet all soil-saving requirements, even 
though a legume or grass is not used. In this rotation, the ground is pro- 
tected by the strawberries. Such rotations may cover several fields, with 
each crop occupying a full field each year; or they may be combined with 
strip cropping, the crops being I'otated from strip to strip in a single field. 
The best practice to use will depend on the slope, soil type, and the 
management requirements of the individual farm. 


Field I Field 2 Field 3 Field 4 



Graph 2I.~*“Adapialion of contour strip cropping to livestock fanning. In this instance, 
a four-year rotation of corn, corn, wh(‘at-sweetelov(‘r, swec'telovcr, permits grazing with- 
out extra fencing. Tlie (ieUls may be adjacent, as iiuUeated here, or located on different 
parts of the farm. The permanent strips of alfalfa-grass can be grazed or (uU for hay, 
depending upon the crop in the held. (Soil (h}mcrvul.wn Hvrvic.o.) 

Rotationh on Contour. On sloping land other measures will be 
needed to supplement crop rotations if soil and water losses arc to be 
reduced to a minimum. Of these measures, contour cultivation, terracing, 
contour strip cropping, and the use of seasonal cover crops arc the most 
important. 

The flexibility of a strip-cropping system makes it possible to meet 
practically any crop or live.stock problem through prot)er arrangement 
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of the strips. For example, perraanent close-growing contour strips of 
legumes, legume-grass mixtures, or grass may be used in those instances 
where it is undesirable to have all crops of a rotation in one field at one 
time. These permanent soil-conserving strips permit the use of a rotation 
of tilled crops, small grains, or legumes on a field basis. Such an arrange- 
ment meets the requirements of the livestock farmer who finds it necessary 
to graze stubble fields after the grain is cut, without building tempo- 
rary fences to protect the corn or other crops that might interfere with 
grazing in the same field. As an illustration, in a rotation of corn, corn, 
wheat, and sweetclover, both fields 1 and ^ (Graph 24), when used for 
corn, would also produce alfalfa-grass hay from the permanent strips. 
Field 3, which at the same time would be in wheat seeded with sweet- 
clover, could be grazed the remainder of the season following the harvest 
of the wheat and the cutting of a crop of hay from the alfalfa-grass strips. 
Field 4, which for the corresponding year would be in sweetclover, would 
be available for grazing throughout the season or as long as the sweet- 
clover lasts. The permanent strips, in addition to checking erosion, take 
up field irregularities and allow contour cultivation without involving 
point rows. 

Rotation of Crops Saves Soil. From the standpoint of soil and 
water conservation, the value of crop rotations must be measured by 
comparative soil and water losses, as from plots with and without rotation. 
A number of experimental studies show that when crops are rotated, the 
soil loss from a given field is less for the rotation than it would have been 
had the field remained continuously in a cultivated crop. 

At Guthrie, Okla., records from a 3-year rotation of cotton, wheat, 
and sweetclover, covering two rotations or a 6-year period, show the 
following average annual losses of rainfall and soil:^ 


Continuous cotton 

Cotton in rotation 

Wheat in rotation 

Sweetclover in rotation, 
Average of rotation . . 


Runoff, 
Per Cent of 
Precipitation 
14.22 
12.72 
13.93 
8.00 
11.5 


Average Annual 
Soil Loss, 
Tons per Acre 
24.29 
14.33 
1.72 
0.58 
5.5 


The plots in this experiment were on virgin Vernon fine sandy loam 
of 7.7 per cent slope. The results are shown in detail in Graph 21 (Chap. 
V, Part 1). 

Similar results were obtained at La Crosse, Wis. The records from a 
3-year rotation of corn, barley, and clover, expressed as average annual 
runoff in percentage of total rainfall and tons of soil lost annually per 

^ Soil and water conservation investigations. Red Plains Erosion Experiment Station, 
Guthrie. Okla., July, 1937. Soil Conservation Service (mimeographed), SCS-ESR-3. 
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acre, are given below. The soil was Clinton silt loam of 16 per cent slope.^ 
The record covers 1983, 1984, and ]98o: 


Continuous corn 

Corn in rotation 

Barley in rotation 

Clover in rotation 

Average for rotation 


Runoff, 
Per Cent of 
Precipitation 
21.00 
16.37 
13.10 
7.26 
12.00 


Average Annual 
Boil Loss, 
Tons per Acre 

89.00 
53.83 
21.44 

0.90 

25.00 


It is evident that the soil loss from corn following clover in the rotation 
is less than where corn is grown continuously; also, that the soil loss dur- 
ing the entire rotation occurs mainly while the field is in a cultivated crop. 
This emphasizes the need for additional protective measures during the 
year when a cultivated crop occupies the field. 

Crox* Rotation Maintains Yieuuw. Not only docs crop rotation 
serve to reduce soil and water loss, but it also maintains crop yields. 
Hence, this practice is a profitable one for the farmer to adopt regardless 
of its value in saving soil and moisture. In the Palouse country, a rotation 
including swcetclover and grass produced 37 bushels of wheat per acre, 
as compared with 22 bushels per acre on similar land not under rotation. 

At the Illinois Agricultural Experiment Station,'^ where a rotation 
experiment has been carried on for 38 years, the yields from corn grown 
continuously from a 2-year rotation of corn and oats, and from a 3-ycar 
rotation of corn, oats, and elovcr are given bcdow: 


Yield of Corn’ (in Bubiuolh) (hiowN Continuouhly, ah CoMPAiiEi) with 

2- AND 3-yjoah Rotattonh 


Years 

Corn 

eontiuu- 

2-year 

rotation 

3-ycar rotation 


oiisly 







Corn 

Oats 

Corn 

Oats 

Clover 


188S-IS>0;} (lO-yc'ar average). 

39.7 

41.0 

44.0 

48.0 

47.0 

i 

2.03 T. 

1915-19^0 (12-yeur average). 

24.0 

34.0 

33.0 

43.0 

55.0 

1.90 T. 


Using the 1915“-192() average yields given in the preceding table for 
calculations, 30 acres of land continuously planted to corn would produce 

^ Soil and water conservaLion invcHliga lions. Upper Mississippi Valley soil and water 
con.scrvalion experiment station, La Crosse, Wis., Beplember, 1937. Soil Conservation 
Service (miineograplied), S(^S-KSIl-l. 

^ nugho.s, II. D., and Henson, E. 11. “(]rop Production,” p, 750. The Macmillan Com- 
pany. New York. 1935. 
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720 bushels annually. The 2-year rotation, with 15 acres in corn and 
15 acres in oats, would produce 758 bushels of corn equivalent, at a 
lower cost per bushel. The 3-year rotation, with 10 acres in corn, 10 acres 
in oats, and 10 acres in clover, would produce 1,065 bushels of corn 
equivalent, at a still lower cost per bushel, and would add materially 
to the soil-conserving value of the whole cropping system. 

Crop Rotation Helps to Maintain the Organic Matter and 
Nitrogen op the Soil. Reference already has been made to the fact 
that when the cultivated crop in a rotation follows the grass or legume 
crop, soil loss is less than when the cultivated crop is grown continuously. 
This fact may be related to the maintenance of soil organic matter by the 
sod crop. A study in Ohio^ showed the effect of rotations on the organic 
matter and nitrogen in soils in comparison with continuous crop produc- 
tion on land limed and drained but not fertilized. The results are given 
below: 

Soil Nitrogen and Organic Matter Content as Influenced by Rotation^ 


Pounds per acre in 



Duration 

surface soil 

Cropping system 

of test. 




years 

Organic 

Nitro- 



matter 

gen 

Corn, continuous 

32 

12,5162 

820 

Oats, continuous 

32 

21,722 

1,300 

Wheat, continuous 

32 

21,826 

1,320 

Corn, oats, wheat, clover, timothy rotation . 

32 

26,515 

1,540 

Corn, wheat, clover rotation 

29 

29,549 

1,760 

Original soil (approximate) 


36,825 

2,240 


^ Ohio Experiment Station. 

^ Organic carbon times 1.721. 

Incidental benefits also may accrue from crop rotation. In the section 
of Texas where cotton root rot is common, this disease was less prevalent 
where a rotation of cotton and grain was practiced than where cotton 
was grown continuously. Hubam clover also can be used in rotation with 
cotton, as it completes growth early enough to escape the root rot, gives 
excellent erosion control, and improves the soil. 

Plants Used in Crop Rotations. Except in parts of the Great 
Plains, in the Palouse country, and occasionally elsewhere, a crop rotation 
ordinarily includes at least one cultivated crop. This may be corn, cotton, 
tobacco, or potatoes. Another will be a small grain crop, the choice of 
which will depend on local adaptability and economic needs. Wheat, 

1 IhiL, p. 753. 
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barley, rye, oats, or sorghum may be used, depending on the severity of 
winter moisture conditions, and the individual farmer’s requirements. 
A third crop should, wherever possible, be a biennial or perennial legume, 
a grass, or a mixture of grass and legume. 

Under some conditions, the small grain crop may be omitted, as in 
northern Maine, where a common rotation is potatoes followed by crim- 
son clover. In the Palouse, the cultivated crop is dropped, and the rotation 
may begin with ^ years of sweetclover and grass followed by several 
years of small grain. Also, in parts of Kansas the rotation may be 3 years 
of wheat followed by oats and sweetclover. Two-year rotations commonly 
consist of corn followed by small grain, with the grass or legume omitted. 
This obviously is not a good soil-saving rotation but may be used on 
level land of good productivity. Ordinarily, one crop in the rotation 
should be a legume or grass-legume mixture, and the longer this can be 
left on the land, especially on sloping areas, the better the rotation will 
be for preventing soil wastage. 

Strip Croj)piiig 

Water flowing down an unprotected slope gathers both volume and 
speed as it moves; conse(|ueiitly, the erosive power of runoff increases 
with the length of the slope over wliich it flows, especially where the 
surface is of even declivity. The practice of strip cropping, in effect, 
divides a long slope into a series of shorter ones. Jt is based on the prin- 
ciple that anything Unit checks tlic downhill flow of water will reduce its 
capacity l)otb to pick up soil particles and to carry them in suspension. 
Htrij)s of close-growing crops planted across the slope will not only 
decrease runoff and soil loss on Lliat i)art of the field which they occupy 
but will act to desill the water flowing over tlunn from cultivated j>arls 
of the Held alxwe (Fig. 113). 

Strip cropping, then, is a system under whicli ordinary farm crops arc 
planted in relatively narrow strips, across tlie slope of the lan<l, and so 
arrange<l that the strips of nonerosion-resislanl crops are always separated 
by strips of close-growing, erosion-resistant crops. 

In cojitour sirij) cropping^ the strips arc ])lante(l on the contour, at 
right angles to the natural direction of tlic slo])c. Infield Htri/p cropping, 
the strips arc laid out parallel across the general slope, not necessarily 
on the exact contour. Wind atrip cropping involves the i)lanling of regular 
farm crops in vStraight parallel strips at right angles to the direction of the 
prevailing winds, wiLlioiil regard to the contour. 

The most important of the vSlrip-cvop])ing practices in controlling 
erosion and conserving water is contour strip cr()j)X)mg. 

History. Although strip cropping is a relatively new farming prac- 
tice, it has been used for years in a few localities. The i)ractice probably 
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was brought to this country from Europe by a small group of farmers 
who settled in western Pennsylvania, West Virginia, and eastern Ohio. 
More recently, it has been widely used on demonstration projects of the 
Soil Conservation Service. 

A study of 65 farms in Pennsylvania, West Virginia, and Ohio^ showed 
that in several instances the practice had been used for ^0 to 30 years, and 
one farmer was found who had strip-cropped his fields over a 43-year 
period. In some fields with slopes ranging from 5 to 40 per cent, crop 
yields are larger now than they were 20 years ago. Strip cropping alone 



Pig. 113. — Strip-cropped field in Dallas County, Texas. Contour strips of oats 36 feet 
wide (light-colored bands) separate strips of cotton and corn (dark bands) 108 feet wide. 
{Photogra'ph by Soil Conservation Service.) 


has not been entirely responsible for these increased yields; other prac- 
tices, such as rotations, use of fertilizers and lime, and the growing of 
legumes, were contributing factors. Strip cropping of these slopes was, 
however, the foundation practice that made continuous cultivation 
possible and permitted the use of other good farming methods. 

Contour Strip Cropping. Contour farming is conducted on the 
level across the slope instead of up and down the hill in order to interrupt 
the flow of water downhill so that it will penetrate the soil or travel slowly 
across the slope along a grade approximately on the contour. Strip 
cropping on the contour, combined with terracing, where necessary, has 

^ Strip Cropping in Southwestern Pennsylvania. Pennsylvania Agi\ Exper. Sta., Soil 
Cons. Service, and Bur, Agr. Econ., 1937, (Mimeographed.) 
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been proved the most practical means for conserving soil and water on a 
vast area of cultivated land (Fig. 114). 

The value of strip cropping as a measure for soil conservation has 
been shown by results obtained between 193^ and 1936 at the Temple> 
Tex,, soil and water conservation experiment station — on Houston clay 
of 3.5 per cent slope. In this test, a field contour strip-cropped with 
cotton and an erosion-resistant crop lost an annual average of less than 
4 tons of soil per acre. From an adjoining field, cotton planted on the 
contour but not strip-cropped lost an annual average of nearly ten times 
as much soil, amounting to 39 tons per acre. 



Pia. n4.-“(\nitour slrip croppin^^ on a per cent slope, Apinilaeliiau rogion, West 
Virginia. On stoop slopes llic clcan'-Ull(‘{l strips should ])c on lln‘ exact eontonr and usually 
not more than 50 feet wide. In tliis instance Ihc corn strips are protected by the intervcuiing 
strips of hay crops, which effeclivoly chock erosion. {P holograph bp iSoil (Joim'rmiimi 
Service,) 

Table 31 shows the soil lo.sscs from cotton grown alone on the contour 
and from cotton slrip-croi)ped with soyl)eans on comparable areas having 
slopes of 5, 10, 15, and ^0 per cent — at the experiment station of the 
iVlabama Polytechnic Institute. In every instance, the loss was less from 
the Htrii)-cropped areas than from the plots Him])ly cnltivalcd on the 
contour, and the benefit from strip cropping was greatest on the stecipest 
slope. 

In Table 32, the results of strip cropping o))tained on an area slightly 
larger than an acre, at the Temple, Tex., soil and water conservation 
experiment station, are comi^ared with results obtained, in one instance, 
from a similar adjoining area planted on the contour continuously to 
cotton, and from another xniich smaller area })lantcd up and down the 
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slope according to common farm practice. Tlie erosion losses, amounting 
to 10.6 tons per acre annually from the strip-cropped area, have been 
much lower than those from either the contour-cultivated area or the 
one cultivated up and down the slope. The respective losses from the 
latter areas have been approximately 1 % and 78 tons per acre annually. 


Table 31. — Seasonal Soil Loss prom Cecil Clay Loam Planted to Cotton 
AND to Cotton Strip-cropped with Soybeans^ 



Rain- 

fall, 

inches 

Cropping system 

Slope of land, per cent 

5 

10 

15 

20 

Soil losses, pounds per acre 

Early summer (growing 


( Cotton alone 

6,975 

14,139 

51,193 

47,348 

period of soybeans) . 

13.95 

i Cotton, soybean 







( strips 

5,517 

7,528 

11,354 

14,473 



( Cotton alone 

2,480 

00 

12,105 

14,773 

Late summer and fall . . 

8.52 

•j Cotton, soybean- 







( stubble strips 

2,097 

2,205 

3,665 

3,939 



( Cotton alone 

9,455 

16,963 

63,298 

62,121 

Entire growing season . . 

22.47 

< Cotton, soybean 







i strips 

7,614 

9,733 

15,019 

18,412 


1 Agricultural Experiment Station, Auburn, Ala., 1932. 


Table 32. — Comparison op Cropping Practices on Houston Black Clay, 

4 to 6 Per Cent Slope^ 


Treatment 

Size 

of 

area, 

acres 

Period 

Water loss, 
per cent of 
precipita- 
tion 

Annual soil 
loss, tons 
per acre 

Not stripped: 

Cotton on contour 

1.39 

1934 to 1936 


72.23 

Cotton up and down slope 

0.137 

1934 to 1936 


77.86 

Stripped : 

Rotation of cotton and oats, on 
contour (vetch preceding 
cotton) 

1.38 

1934 to 1936 

9.9 

10.6 

Average not stripped 

Average, stripped 



9.9 

75.0 

10.6 


^ Soil and water conservation experiment station near Temple,* Tex. Average annual 
rainfall 38.7 inches. 
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On the strip-cropped area, a contour rotation of cotton and oats was 
followed with vetch seeded as a green manure crop preceding cotton. In 
1934 and 1936, cotton was grown on the lower strip; in 1935, oats were 
grown on this lower strip. Table 33 shows comparative results, with 
respect to erosion losses, as between strip cropping and the other methods 
of cultivation, for these two sets of years. In 1935, the strip-cropped area 


Table 33. — Comparison of Cropping Practices on Houston Black Clay, 

4 TO 0 Per Cent Slope^ 


Treatment 

Size 

of 

area, 

acres 

Animal 

rain- 

fall, 

inelies 

Period 

Water 
loss, per 
cent of 
precipi- 
tation 

Annual 
soil loss, 
tons per 
acre 

Not stripped 

Not stripped 


34.76 

46.65 

1934 and 193C 

1935 


64.5 

104.6 

Stripped 






Bottom strip in cotton . . . 

1.38 

34.76 

1934 and 1936 

9.93 

14.5 

Stripped: 






Bottom strip in oats 

1.38 

46.65 

1935 

9.9 

a.7 

Average, not slrii>ped .... 
Average, stripped 




9.9 

84.5 


^ Soil and water eonsc'rvnlioii experinu‘ii(. station near '"rcinple, l\*x. Avcraf?c rainfall 
38.7 inches. 

^ Same plot as in liable 
Average for 1934 -1335; no record for 103(1. 

lost an average of tons of soil an acre, as compared with 104.6 tons 
lost from the area cultivated up and down the slope. In 1934 and 1936, 
the corresponding losses were 14.5 and 64.5 tons jxjr acre. The cotton 
on the lowest strip accounted for a large jiart of tlie loss occurring in 
1934 and 1936. 

Strip cropping is cmidoytHl wulli or without terraces, depending 
chiefly on the slope and erodibility of the land. Where used without 
terraces, care must be taken to follow the contour as closely as i)()Svsible. 
Irregularities of relief, however, soinelimes make it necessary, in order to 
avoid too many ‘‘point” rows (short rows, which freciueiilly involve 
(lifliculties of cultivation), to keep the rows parallel, even tliougli this may 
call for some deviation from the contour. If tlic soil is fairly permeable and 
the deviation is slight and continues for only a short distance (100 feet or 
less), such departure from the contour is not likely to cause serious 
damage. No great deviation should be permitted, however, unlcvss pro- 
vision is made for grassed waterways to conduct the accumulated water 
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through the succeeding strips to the foot of the slope. Where conservation 
of rainfall is an important objective, contour operations should be main- 
tained as nearly on the contour as may be practicable. 

Laying out a strip-cropping system in fields that have been level- 
terraced is relatively simple because the contours are permanently marked 
by the terraces. The width of the strips can be adjusted easily to the ter- 
race interval. 

Strip cropping usually involves the growing of at least one row crop in 
every field, this in alternation with at least one erosion-resistant or semi- 
erosion-resistant, close-growing crop, such as a small grain, an annual 



Fig. 115. — Even-width strips of corn planted on the terrace intervals, with small grain 
or hay in the irregular intervening terrace strips. The next time corn is planted in the 
rotation it will occupy the terrace ridges with the irregular strips of small grain or hay on 
the terrace interval. (Photograph by Soil Conservation Service.) 

legume, or meadow. Two or more such crops may be used in one field at 
the same time, as corn, grain, and clover or meadow. All these crops may 
be rotated in the same field, thus combining the advantages of contour 
cultivation, strip cropping, and crop rotation. 

Technique. The establishment of a strip-cropping system for an 
entire farm may or may not necessitate complete rearrangement of the 
farm plan. Where this is unavoidable, proper adjustments may call for 
such changes as relocation of fences, retirement of the steeper lands to 
trees or permanent grass, the bringing into cultivation of level pasture 
land, the use of shorter rotations on land least subject to erosion and 
longer rotations on the steeper, more credible lands. In planning such a 
strip-cropping system, careful consideration should be given to such 
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physical conditions as variation in relief, runoff concentration points, 
size and nature of the drainage area above each field, length of slope, soil 



CiRAPH 25. — Strips laid out on the terrace intervals with terrace ridges forming the bound- 
aries of the strips. (Soil Conservat.um Service,) 



(iiiAPH 26. — Strips laid oiit to straddle the terrace ridges. This is a V(‘ry practical method* 
and is easy to follow with a rotation of crops. (Soil Conservation Service,) 



(rXiAxui 27. -Strips laid out on either side of the terrace ridge, occupying only part of the 
terrace interval. (Soil (kmservation Service,) 

type, condition of the «oiI, crops grown in the rotations, and the kind of 
farm machinery employed. 

The line to be used as a base in laying off strips should be on tlie con- 
tour and so located that the maximum number of strips can be measured 
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from it both, up and down the slope. Such base line may mark either the 
upper or the lower boundary of one of the strips, or it may be used for the 
center line. If the surface is very uneven, a single base line usually will 
serve for the laying of only two or three strips. Under such conditions, 
additional base lines will be necessary where more strips are needed. This 
often will necessitate the use of a correction strip between the last two 
even-width or regular cropping strips. Such strips are of irregular width 
and so placed between contour plantings of cultivated crops as to permit 
the cultivated strips to be of uniform width (Fig. 115). 

In establishing a cultivated strip upward from the base line, the rows 
are laid out parallel to the base line until the point of maximum allowable 



Fig. 116 . — Small grain seeded on terrace ridges with corn on the terrace intervals. 
Close-growing, erosion-resistant crops are frequently seeded to reinforce newly constructed 
terraces. After the terraces settle the strips can be made wider to facilitate rotating the 
crops. {Photograph hy Soil Conservation Service.) 

departure from the true contour is reached. From this point, it becomes 
necessary to go farther up the slope to the next established base line and 
lay off strips parallel to the downward side until the maximum deviation 
from the true contour is again reached. 

Locating Strips on Terraced Fields. Several methods are used in 
locating strips on terraced fields. They can be placed on the terrace 
interval, extending from terrace ridge to terrace ridge (Graph 25); or 
they can be located so as to straddle the terraces with approximately 
half of the strip above and half below the ridge (Graph 26). These 
basic procedures may be modified to suit special soil conditions or unusual 
crop requirements. For example, a portion of the terrace interval may be 
seeded to erosion-resistant crops and part to row crops (Graph 27); or 
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the terrace ridge may be seeded to a close-growing crop which will serve 
to strengthen the structure (Pig. 116). Where the variety of crops 
grown in rotation permits, row crops can be planted to straddle alternate 
terrace ridges, and the rows extended above and below the ridge to a 
uniform distance so that all rows will be parallel. The intervening terraces 
and adjacent areas can then be planted to close-growing crops in such 
ways that all oi the irregular areas will be covered with a protective cover. 
This makes it possible to eliminate all point rows. Where these are not 
objectionable, and the row crops are planted over the terrace interval, 
rows on each side of the strip should be parallel to the terraces so that 
resultant point rows will be in the middle of the terrace interval. 

Width Strips. In terraced fields, the width of strips is usually 
adjusted to the terrace interval; but on un terraced land, the strips 
frequently should be narrower than the standard terrace interval. Here, 
the width will be governed by the length and steepness of the slope and 
by the permeability of tlic soil Lyjie, since all these factors influence the 
amount of runoff. As a general rule, the sLeei)er the slope the narrower 
the strips. On long slojies, strips nearer the lower part of the slope should 
be narrower tlian those at the top, liccause of runoff’ accumulation from 
above. 

Strips should seldom be wider than 200 feet to meet the requirements 
of soil conservation; but for practical farming, they can seldom be nar- 
rower than 50 feet. The width frequently can be adjusted advantageously 
to au even number of rows or to an even nudiii)]c of the width of the 
machinery that will be used iii fanning the strips. Tn determining the 
optimum width of strips, good judgnuml should be used to the extent of 
making slight adjustments, wIktt' possible, so that tlie width of the strips 
will fit tlu^ fanning imphnneiits, parti<nilarly planters, drills, and 
harvesters.^ 

Rotation of Strips, (h'oj) rotations can Ix' used as effectively on 
strips as on large fields. It is practiciabh^ to have approximately the same 
area of tille<l crops, small grains, hay crops, and grass under a strip- 
cropping system as under the regular field system. The only rearrange- 
ment is within the field (Fig. 117). 

Mainteiuimv of a good rotation is one of tlie principal features of the 
best ty])e of strip-cropping system. Tlw crop sequence williiu or between 
the strips themselves is especially imixirlant. No two cultivated strips, 
as well as no two strijis having the same planting or harvesting dates, 
should he adjacent. By rotating the strips, Ihc clean-tilled row crops 
usually can be made to follow crops like grass or legumes that have a 
dense-fibrous root system, which tends bo hold tlu‘ soil and retard erosion 

diseusHkm of formulas for determining the width of slrips, see fCell, Walter V., 
.Strip Cropping for Soil C’onscrvaLum, tl. S. Dept. Agr. Farmnn' Hull. 177 (t 
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until the roots are broken down by decay. In this way, the organic- 
matter content of the soil is increased or maintained, and its physical 
condition improved, so that the land absorbs water more readily and has 
increased capacity to resist erosion. The method of rotating strips is 
illustrated in the diagram (Graph £8) . 



Fig. 117. — Upper, terraced field, farmed with 5-year rotation on contour strip-cropped 
basis — alfalfa, oats, alfalfa, corn, alfaHa — 19S6; lower, same field 1937, with strips moved up 
slope. Upper barley strip follows oats because of failure of alfalfa seeding previous year. 
Note narrow strip of alfalfa was left below corn as buffer strip. Clinton silt loam, slope 
range about 6 to 12 per cent. Vernon County, Wisconsin. {Photograph by Soil Conservation 
Service.) 

Permanent or Annual Strips Not Rotated. In some parts of 
the country, it is occasionally advisable to establish either permanent 
or temporary strips which are not a part of the rotation. These are made 
use of generally in the form of buffer strips of perennial legumes, shrubs, 
grass, a legume-grass mixture, Sudan grass, grain sorghums, or, in some 
instances, small grain. The row crop or cultivated strips under this system 
may or may not be rotated. In many localities, it is entirely practicable to 
establish permanent strips in connection with either field stripping or 
contour stripping on irregular areas, in the correction strips, or on 
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critical slopes or other odd corners or portions of the field that are 
difiScult to maintain in the regular rotation strip-cropping program. 
Frequently, these permanent strips can be devoted to the production of 
black locusts for fence posts or planted to kudzuor perennial lespedeza for 
forage. Incidentally, all these plants provide food and cover for wildlife. 

Buffer or Spreader Struts. A buffer strip is a more or less perma- 
nent contour strip, usually of variable width, planted to grass or other 
erosion-resistant vegetation which is not a part of the regular farm rota- 



tion, and which may or may not b(^ harvested. The, area ])lante(! to 
erosion-resistant crops under a buffer-slrii) system is much smaller than 
under a contour slrii^-cropping system; tlu^ buffer strips usually vary 
between 8 and 20 feet in widtli. 

Buffer strips often are used on truck farms when^ laud is valuable and 
where erosion-resistant crops have no sale value and are not needed for 
farm use or in orchards either in the tree rows or in the alternate spaces 
between rows. If the tree luw itself is left in sod, and one-way cultivation 
is practiced, in time a benchlike terrace will be built up favoring level 
eulLivation. 
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In rotated cultivated fields, a buffer system has little practical value. 
However, where erosion-resisting crops do not occupy a sufl&cient part of 
the field to allow strip cropping, buffer stripping offers the next best 
method of vegetative erosion control. 

The most effective use of buffer strips is on critical slopes and other 
vulnerable parts of cultivated fields, which cannot be controlled by annual 
crops or by ordinary strip-cropping methods. 



Gbaph £9.-™Cntical slopes, where erosion progresses more rapidly than on lesser slopes, 
should be taken out of cultivation and seeded to perennial forage crops before erosion 
destroys the soil above the critical point or damages by sedimentary deposits the productive 
land below. 

Turn and Border Strips. In some fields, it is necessary to run strips 
around points or narrow ridges. Here it will help to keep the rows an 
equal distance apart if at the apex of such an area a small section across 
the strip is left in sod the year the strip is in a cultivated crop. When 
such a strip is in small grain or hay, this turning area can be plowed with 
the rest of the strip. Moreover, a headland or border strip of this kind 
will make an excellent roadway from one strip to another, as well as a 
good terrace or diversion-ditch outlet or grassed waterway. 

Critical Slopes. Where a field is broken by areas having slopes of 
15 to 20 per cent or more, strip cropping, either alone or in combination 
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with other soil-conserving practices, must be supplemented by the use of 
special types of ‘"heavy-duty” perennial vegetation on these steep por- 
tions of the field. Critical slopes (Graph 29) may extend as fairly regular 
bands across the entire field, or they may extend only for a short distance 
along some surface irregularity. Where such slopes occur in cultivated 
fields, the vegetation generally used should be a perennial forage crop 
rather than trees or other woody vegetation. Such plantings of heavy-duty 
perennial vegetation will provide year-round protection for those field 
inclusions where erosion is most critical, and when well established they 
may be utilized for hay. 

If, however, these slopes arc continued under a system of row-crop 
farming, it becomes almost impossible to control erosion anywhere in the 
field. Soil washed from such critical areas clogs terrace channels and con- 
toured rows below, causing breaks and permitting the formation of gullies. 
Poor subsoil material, sand, and gravel derived from these areas often 
damage lower lands over which tiiey arc spread. 

Unfortunately, adapta])le ])erennial forage plants arc not available 
for all i)arts of the country. Over much of the Southeast, perennial 
lespedeza and kiidzu give good results in the treatment of these critical 
areas. In the Northeast and in the (lorn Belt, a combination of grass and 
legume mixtures, such as alfalfa with smooth broine grass, timothy, 
orchard grass, or Iducgrass, makes good permanent cover for land of this 
nature. Grass or legume-grass mixtures may be used effectively in many 
parts of the West. 

Where it is necessary to extend terraces across the acutely credible 
areas, it may sometimes be advisable to plant only part of one or more 
terrace intervals with a permanent cover crop, particularly where the 
slope breaks sharply. The remainder of the field could then be used for 
annual crops. 

Tield Stuii>k. Field strip cropping is a modified form of contour 
strip cropping, under which the strips arc laid out parallel and across the 
general slope but not exactly on the contour. "Idiis system is best suited 
to laml of uniform slopes and to gen tle slopes with minor surface irregu- 
larities that make accurate contour stripping impracticable. Where field 
strips cross depressions, the rows depart from the contour to such an 
extent that walcu* usually accumulates in the low ])laces. To avoid such 
dangerous accumulation, grassed waterways sliould l)e establishc^d and 
maintained in the depressions. If the strii)s deviate from tlic contour for 
only short distances — not more than 190 feet*-"- little <lamage ixiay result, 
especially on soils of low erodibility. However, if the deviation should be 
more than 8 per cent, and the distance of such deviation greater than 100 
feet, field stripping should give way to contour stripping. 
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Adaptation of Strip Cropping to Major Erosion Regions 

The principle of strip cropping has wide application. It can be used in 
one form or another in the Corn Belt, the Cotton Belt, and the wheat 
lands of the Great Plains and in many specialized crop areas of the 
country. Its practical application necessarily will vary according to the 
nature of the problem and the types of vegetation applicable and avail- 
able to the region. 

The Corn Belt. The Corn Belt is especially adapted to strip crop- 
ping by reason of prevailing conditions of soil and topography and the 
large number of crops besides corn that can be grown successfully. Small 
grains, such as rye, wheat, oats, and barley, are all available; hay crops, 
such as red clover, sweetclover, alfalfa, alsike, timothy, brome grass, and 
mixtures of legumes and grass, as well as many of the pasture grasses, 
are generally adaptable to the region. With a 4-year rotation of corn, 
small grain one or two years, and hay one or two years, all the cultivated 
fields can be laid out in strips to provide the necessary acreage of corn 
while other portions of the same field are being devoted to the production 
of small grain or hay. Here both the small grains and the hay crops would 
constitute the protection strips for the corn. Usually, it is an advantage 
to have only two crops (for example, corn and hay or small grain and hay) 
in one field, so that after harvest the crop residue can be pastured if 
necessary. Fields containing strips of small grain can be pastured after 
the grain and hay are harvested, whereas fields containing corn strips 
can be pastured later in the season after the corn is gathered. Thus, the 
fields can be pastured in rotation. 

In the Corn Belt, Kentucky bluegrass, Canada bluegrass, alfalfa or a 
mixture of alfalfa with timothy or smooth brome grass, sweetclover, 
red clover, and clover-grass mixtures are among the most erosion- 
resistant types of vegetation readily available for use. Reasonably early 
fall seedings of rye and wheat are also very good for erosion control in 
winter months. The spring seeded crops, such as oats and barley, are less 
desirable but much better than soybeans, cowpeas, and buckwheat, which 
have a loosening effect on the soil and usually should be classed as erosion- 
permitting crops. 

The Cotton Belt. The Cotton Belt presents a somewhat more com- 
plex problem than the Corn Belt in that much of this area is older 
farming country, and erosion has taken a greater toll of the productive 
topsoil, especially with respect to relative area. 

Cotton is likely to continue as the major crop around which the strip- 
cropping system must develop, although corn will need to be dealt with 
on most farms, and tobacco on many of those within certain districts, 
as in the Bright Tobacco sections of the Carolinas and Georgia. 
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The effectiveness of strip cropping on cotton farms will depend to 
some extent on a reduction of the cotton acreage and on an increase in 
the acreage of erosion-resistant crops, such as grass, legumes, small 
grains, and green manure crops, grown in rotation with cotton. Some of 
the crops that can be used, where adaptable, in rotation with cotton and 
in alternate strips are: hairy vetch, rye, a mixture of rye and vetch, fall- 
seeded oats, Austrian winter peas, crimson clover, corn and soybeans, or 
corn and velvet beans, sweetclover, annual lespcdcz:a, crotalaria, rye 
grass, sericea lespedeza, and kudzii. For the maintenance of organic 
matter in the soil, perennials arc most desirable. Another consideration 
is to select plants that mature early enough to be followed by a hay, 
seasonal cover, or green-manuring crop, thus making it possible to pro- 
duce two crops in one year on tlic protection strips and so provide maxi- 
mum protection. 

On land of irregular reHc'!, annual vegetation that provides ample 
protection for gentle slopes is sometimes imwlecpiate to liold the soil on 
the steeper areas, particularly those that have lost all topsoil and now 
present to the lash of rain a more erodible subsoil. Where these steeper 
lands occur in fields, it usually is desirable to protect them with perma- 
nent vegetation, sxieh as sericea lespedeza, kudzu, or mixtures of grass 
and legumes, all of which (‘fin be mfiintfiiued fis permanent hay strips and 
made a part of the stri])-cropping system. In some insLfuicos, these critical 
areas are so rough and badly eroded fis to l)e unfit for hay production. 
They may, however, l)e jdarUed to low-growing shrubs or other plants 
that will provide food and shelter for wildlife. This ty[)e of plant growth 
may have a slightly unlavorfibh^ l)or(ler elfeet (competition for moisture 
and sunlight), but generally it will not be so objectionable with respect 
to adjacent cropland as trees. 

Because of the long seasons and ojxm winters in the (lotion Bell, all 
clean-tilled strips should, wliere ])()ssil)l(‘, he jxrotecled with winter cover 
crops to retard erosion, pi‘cv(uit lea<*hing, and fuld organic matter to the 
soil. Where this cannot bo done, the stuldde or rc'sidues of summer crops 
should bo preserved to the fullest j)ossible extent. 

The (}iiEAT Plainb. Strip cropping in the (ireat riains is practical 
for controlling or retarding botli water and wind (‘Vosion and for the 
conservation of moisture. Here the problem differs from that in humid 
farming areas in that very little runoff occurs during the summer growing 
season on some of the more permeable cultivated soils. Runoff may occur, 
however, during winter and spring thaws, which frequently meli the 
snow while the ground x’cmains frozen and unabsorjxtive. Some runoff 
occurs, of course, oven on permeable soils during exceptional downpours. 

To prevent the loss of needled moisture, mechanical barriers, such as 
terraces, contour furrows, and contour strips of (dose-growing vegetation, 
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are necessary to hold the water. Two types of strip cropping are com- 
monly used: contour strip cropping and wind strip cropping. Where 
runoff occurs, contour strips are preferable on soils not particularly sub- 
ject to drifting. Wind strips are sometimes used in level or nearly level 
fields susceptible to drifting, the strips being placed crosswise the direc- 
tion of the prevailing wind, regardless of the contour. The function of the 
wind-resisting strips is to minimize soil drifting by retarding and deflecting 
ground air currents. For this purpose, a type of vegetation is needed that 
makes an erect growth, withstands air movement, and resists deterior- 
ation for as long a time as possible. Wind-resisting strips may be used in 
the form of narrow buffers composed of 4 to 10 rows placed at 5- to 10-rod 



Fig. 118 . — Wind buffer strips of Sudan grass, placed on tbe contour in a cotton field in 
Lamb County, Texas. (Photograph hy Soil Conservation Service,) 


intervals across fields, or they may be used as wide rotation strips. The 
effectiveness will depend on the density, width, and distribution over the 
exposed areas. 

Since strip cropping reduces the expanse of individual clean-tilled 
areas, it is one of the most effective controls for wind erosion now com- 
monly employed. It has been extensively used in western Canada as well 
as in the United States. Because of better moisture conservation, contour 
strip cropping is rapidly replacing the older method of wind stripping. 

Crops adapted to wind stripping in the Great Plains are limited. Sudan 
grass is probably the best, because of its rapid and dense growth and its 
wide adaptability (Fig. 118). The grain sorghums also are very effective 
and, except in the northern part of the Plains, are widely adaptable. 
Broomcorn gives good results over a wide area. 
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One of the grain sorghums is usually the first crop grown to stabilize 
land that is out of control and drifting badly. It is generally seeded over 
entire fields for a year or two, until the soil is stabilized. Subsequently, 
it is seeded in alternate strips to protect strips of other crops, such as 
wheat, corn, beans, and potatoes, or strips of fallow land. In some of the 
extensive wheat-producing areas of those regions where rainfall is fairly 
dependable, alternate strips of wheat and fallow are combined with 
proper utilization of crop residue (leaving the trash, or part of it, on the 
surface) to control wind erosion. This practice has been demonstrated 
as practical and effective; it is much safer than plowing and cultivating, 
at one time, large unprotected areas subject to drifting. 

lioLli wind and contour strip cropping catch and hold snow which 
would otherwise drift into large accumulations, where the concentrated 
moisture would be of little economic value. By deflecting ground air 
currents, the tall-growing strips also probably help reduce both evapo- 
ration and transpiration from the intervening areas. 

Furthermore, strip cropping affords an opportunity to maintain a 
protective crop stubble and residue on a portion of the land until it is 
discovered whether or not soil moisture conditions are favorable for the 
establishment of a subsecpicnt crop. In emergencies, when crops fail 
Ijccausc of inadequate moisture, the clean- tilled barren areas are still 
protected by the undisturbed strips of residual vegetation. By means of 
this constant protection, the soil is held in fields that otherwise become 
serious blow hazards. 

The Nouthweht Wheat Auioa. Strip cropping is showing practical 
povSvSibiliticvS for effective erosion control on the long steep slopes typical 
of numerous wheat farms in the Pacific Northwest. Because of frequent 
steep declivity, the heavy farm mactliinery used in wheat production 
must be operated across, rather tlian up and down, the slope; but until 
recently, little or nothing was <lone to kenq*) these operations exactly on 
the contour. Where large fields of wlnnit were to be harvested with com- 
bines, they usually were lai<l out in ‘'lands'’ across the slope. This prac- 
tice nccessitalcd the {lisadvaiitageous procedure of driving tlirough the 
wheat in opening Lliese lands, (’onttnir strip croj)j)ing has proved an aid 
to bliese mechanical oix'rations and has provided needed protection 
against e.oneeulraliou of runoff in low areas and consequent cutting of 
gullies impassable to farm machinery. 

SweeLclover, or swccLclover and grass, in alternate rotation strips with 
wheat has given goorl results. (h‘op rotations, rougli tillage, and proper 
utilization of crop residues arc also dependable allies of strip cropping. 

Grass buffer strips may be used effectively to define the contour lines 
permanently and to reinforce the rotation strips by functioning as water 
spreaders. On irregular slopes where the strips deviate from the contour 
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and cause water to concentrate in the lower positions, permanent grassed 
waterways oflPer a good method for conducting the runoff safely across the 
strips to the foot of the slope. Some of the better plants for this purpose 
are brome grass, crested wheat grass, and slender wheat grass. 

The large acreage of spring wheat produced in the Pacific Northwest 
necessitates fall plowing, which leaves the soil bare over winter. Protec- 
tion strips at frequent intervals down the slopes will prevent enormous 
losses of productive topsoil, which otherwise would occur on these 
freshly plowed slopes. Peas and beans are other crops that mature early 
and leave the soil highly susceptible to erosion unless the field is pro- 
tected with thick-growing contour strips. 

Vegetative Control of GulHes 

Gullies tend to form wherever runoff is concentrated in unprotected 
depression chaniielways. Once started, they increase in size and, unless 
checked, ultimately develop into deep, spreading chasms which ruin the 
land. The best method of gully prevention is by providing permanent 
cover for critical slopes, by strip cropping, contour cultivation, crop 
rotation, water diversion, and other methods that check runoff and 
prevent the concentration of water. 

Where gullies have developed to considerable size, special methods 
must be used to control their growth and, where possible, to reclaim the 
gullied area for agricultural use. For this purpose, vegetation is most 
economical and satisfactory, although in some instances, especially in 
large gullies, the use of close-growing plants may need to be supplemented 
with mechanical measures. Even in small gullies, brush, straw, log, loose 
rock, or sod dams may be helpful in checking runoff and collecting silt 
favorable to plant growth while the protective vegetation is becoming 
established. 

Classes of Gullies. Gullies may be conveniently classified accord- 
ing to size as follows: small gullies, or those that can still be readily 
crossed with farm implements; medium-sized gullies, or those that cannot 
be readily crossed with farm implements but have not yet attained the 
size of ravines; and large gullies or ravines, barrancas, and broad, but not 
necessarily deep, “washes."’ 

Small Gullies. The growth of small gullies may be readily checked by 
plowing them in and smoothing off the surface of the field, followed by the 
installation of a proper contour strip-cropping rotation where the slope is 
gentle, or by retiring the field to grass or other permanent vegetation, such 
as alfalfa and lespedeza. Kudzu may be used to advantage for control of 
somewhat larger gullies (Pig. 119), Seeding such areas to orchard grass 
with annual lespedeza or to brome grass will also check the erosion and 
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aid in reclaiming gullied fields. It is especially important to control gullies 
while still smalh since at this stage the field can be saved without material 
interference with regular crop production. 



110. — UpP<‘^‘> lypif'nl ('rilwal dope (sloop and lii/,dily oradihlo) wliioli was oullivalcd 
iinlil complololy Hlrippo<l of ils prodmdivo topsoil; * it lias boon U'rraood and jilowed for 
planting to a perrnanont prolootive cover. Below, a similar slope adoqnatoly prolociod 
with one year’s growth oi' kudKU, which will producic excellent hay. Coastal plain of son them 
Alabama. (Photographs by (SVn7 Conservation i^ervioe.) 


Medium-sized (hdlies. When gullies have attained medium size, more 
drastic measures are usually necessary to check their growth. The first 
ste^p generally will be to control runoff and erosion higher \ip the slope and 
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immediately about the gully heads. For this purpose, diversion waterways 
frequently can be used to great advantage. Adequate erosion-control 
measures, however, must be used to protect the entire field in which the 
gullies occur or the entire watershed feeding into them. If the gnillying 
has spread over a large area, terracing is frequently necessary, since other 
contour measures are not so likely to overcome the difficulties. In some 
instances, it may be desirable partly to fiOil a gully by plowing along its 
sides so as to turn soil into the bottom or by grading down the sides with a 
bulldozer. This results in a gentler slope on which grass or other protective 
plants may be seeded. Where such work is done in summer, sorghum or 



Pig. 120. — A diversion ditch around the head of a gully. The gully is being fenced and 
planted to trees and grass. The ditch drains both ways, {Photograjph by Soil Conservation 
Service,) 


Sudan grass may be seeded as a temporary cover. When the work is done 
in the fall, a grain should be used, both to protect the soil and to serve as 
a nurse crop for the grass seeding. Sometimes, temporary dams may be 
needed in gully channels to reduce the erosive force of running water until 
vegetation is established (Fig. 1^0). 

Where bluegrass is adaptable, it is particularly effective in the 
stabilization of the banks of fairly deep and troublesome gullies. Sod of 
this grass may be used also to control overfalls in gullies, if the drainage 
area and overfall are not too great. It is especially adapted to pasture 
gullies where the overfall is less than 4 feet and the drainage area not 
more than 4 or 5 acres. ^ In the South, Bermuda grass can be used in this 
same way. Often old feed or fertilizer bags filled with strips of sod can be 

^ For full discussion of bluegrass sod in gully control, see TJ. S. Dept. Agr. Farmers' Bull, 
1700. 
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1<IG» 121. “-Upper, lew wire cheek dams were used lo prevtuil this gully from iuereasing 
in depLh. Lower, same gully as a])()ve after elie(;k dam had .silled full and bank liad been 
.sloped, Bermuda gras.s has been sodded to Iceep tills v’raterway stable and prevent further 
erosion. (Phoioffraphs by Soil Conservation Sorvioc,) 

of the bags before placing iJiem across the bottom of the gully, the grass 
will grow through the meshes of the bag and soon make a firm vegetative 
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dam. Soil deposited behind this obstruction will tend to fill up the gully 
and reduce the channel grade. 

For full control, the sides of the gully must be covered completely with 
vegetation. This must be protected from livestock, especially during the 
early stages of growth, Jby fencing or other means. In the South, kudzu or 
Bermuda grass, and in the North, bluegrass or grass and legume mixtures, 
are recommended for this purpose. If the slope is not too steep, the 
lespedezas also will give control in those sections where they grow well. 
Where gullies have attained considerable size, vegetation should be 
started in the bottoms. If the drainage area is large, mechanical checks, 
such as woven wire, brush, or rock, may be needed to prevent further 
cutting and to flatten out the bottom by collection of silt. In these silt 
deposits, kudzu can be planted later. 

Gullies of medium size often can be utilized for vegetated waterways. 
Water must first be diverted, however, the sides smoothed by plowing, 
and suitable grasses or grass-legume mixtures seeded (Fig. 121). 

Although it is desirable to treat small and medium-sized gullies wher- 
ever practicable to make them productive for meadow or pasture, many 
gullies of less than ravine size can be stabilized only by planting trees, 
shrubs, or vines. 

Large Gullies. Large gullies can be defined roughly as those which 
have gone beyond the stage where reclamation for cropping or meadow is 
practicable. In many instances, the soil has been so deeply eroded that the 
sides of the gullies and intervening ridges consist of essentially sterile 
material. For the control of such ravines, tree planting is often the only 
recourse, although vines, such as kudzu and Japanese honeysuckle, are 
useful. The tree most commonly used for gully control in eastern United 
States is the black locust. Another tree useful in the South is the shortleaf 
pine {Finns echinata. Mill), which is often the only tree that will grow on 
the raw subsoil material. The loblolly pine (P. taeda, L) can also be used, 
but it is more exacting in its soil requirements. 

Cottonwood and willow cuttings can be planted advantageously in 
closely spaced rows at right angles to the direction of flow. Helpful brush 
dams may be anchored by pegging them down with stakes of green cotton- 
wood or willow. These will take root and withstand considerable covering 
with moving soil material while aiding to increase the efiective height 
of the dam.^ 

On the more gentle slopes, plantings of black locust should ultimately 
be followed by grasses that will grow in light shade and benefit from the 
nitrogen fixed by the nodules on the black-locust roots. Among the various 
native shrubs and small trees that can be used effectively are : wild plum, 
snowberry or buckbrush, sassafras, persimmon, dogwood, bearberry, and 

^ For more detailed discussion, see U. S. Dept. Agr. Farmers* Bull. 1697. 
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blackberry. Such plants also serve to convert large gullies into excellent 
wildlife refuges. Vines like kudzu and honeysuckle generally should not be 
used whore trees are wanted, since they tend to smother or impede the 
growth of young trees. 

In the West, many deep gullies may be stabilized with vegetation. 
Usually, some mechanical assistance in the way ot* check dams will be 
needed. Several plants have been found to grow well in the bottoms and on 
the sides of such gullies. Among them arc tobosa grass, bearberry, and 
Australian salt bush. One of the most useful plants to establish at the base 
of gullies and above check dams is the sand-bar willow {Salix exigua). 
This tree is especially suited for planting along washes subject to severe 
floods, since it sprouts from the roots and forms dense thickets. Another 
small tree is the wild olive (Foresiiera neomexicaua) which, because of its 
layering habit, docs well on gully banks. The desert willow (Cliiolepsis 
linearis), which sprouts from the stump, is also useful for gully control 
in the Western States. 

A study of Western plants has brought to light a number of species 
that are promising for stabilizing gullies. Some arc suited to one section; 
some to another. Before large gul]i(\s can be elfectively stabilized, how- 
ever, measures must be taken to control runoff and erosion over the entire 
drainage area. So long as recurring torrents are permitted to rush down 
tliese arroyos, almost any control measures will remain ineliectual; with 
adcMpiate protection over the drainage area, however, many may be 
stabilized by relatively simple vegetative means. 


VcgcLatcd Waterways 

Watei’way>s are natural or artificial channels used to carry runoff from 
fields or pastures to lower levels of laud. They consist of relatively narrow 
channels laid out to meet si)coial conditions and broad natural depressions. 
In any case, they must be protected by vegetation or moclianical meas- 
ures, or both, to prevent conversion into gulli(‘s. Natural drainage 
depressions, seeded with an adaptable grass or grass-legume rnixture, often 
can be iitilizec] as satisfactory water channels and meadows at the same 
time. Buch areas frequently supply especially go(><l crops of hay because 
of the increased water supply (Uig. The narrower waterways should 
be 20 to 100 feet wide, depending on the amount of water to be carried 
and the steepness of the slopes. Seedings should not only cover the channel 
but extend well back on the shoulders to prevent scouring and under- 
cutting (Fig. 123). 

Some artificial waterways must be i)roteetecl with concrete or wooden 
baffles and strips of sod. For this purpose, Bermuda grass is well adapted 
to Southern conditions, and blucgrass to the North. Where no baffles are 
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used, sod must be established solidly over the bed of the channel, particu- 
larly where the slope exceeds 15 or 20 per cent. Where the slope is gentler, 
the sod may be planted in strips of varying width, depending on the slope 



Fig. 122. — A vegetated waterway that not only conducts surplus water from the field 
safely but pays its own maintenance cost by producing a good yield of hay. {Photograph 
hy Soil Conservation Service,) 
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Terrace outlets call for special stabilization care. For best results, they 
should be constructed and seeded at least a year before they are to carry 
water. If the outlet is to be used immediately, the seeding should be 
reinforced by sod strips and sometimes by mechanical means. Control by 
vegetation alone should be limited to slopes of not more than 10 to 12 
per cent, with a maximum drainage area of 5 or 6 acres. Western wheat 
grass {Agropyron smithii) and range mesquitc {Panicum ohtusum) have 
given excellent results in stabilizing terrace-outlct channels and water- 
ways in many parts of the West. In the South, Bermuda grass is used 
especially where the channel is relatively narrow and occasionally carries 
large quantities of water. In the wider meadow outlets, Bermuda grass, 
grass-legume mixtures, kudzu, or sericea lespedeza may be used. In the 
North and Northeast, Kentucky bluegrass is recommended for the 
narrower channels; in pastures and for meadow outlets, a standard grass- 
legume mixture is generally most desirable.^ In the drier areas of the 
North, awnless bromc grass gives good results. 

Seasonal Cover Crops 

Seasonal cover croi)s are very iin])(>rlanl in protecting fields from 
erosion. They also serve to absorb plant nutrients that otherwise would 
be lost by leaching and thus aid in their preservation for subsequent 
crop use. 

The use of the term covor crop,^ has become almost synonymous with 
green manure eropfi; but rn)m the standpoint of soil conservation, there is 
a significant diflVrenccc ('rops may, ami do, servo as cover crops that are 
not used as green manure crops, (ireeii manure crops, however, are always 
of necessity cover crops. 

If it were economically ))ossible to grow only soil-protecting crops, 
other measures for preventing erosion would be less necessary. As it is, 
however, ctiltivated crops must be grown, so it is important to make the 
widest p()ssil)le use of cover (trops -"grass, whore its use is feasible; green 
manure cr()i)s; grains for winter and spring cover; and cato/i cropn of 
various kiuds™in order to leave the soil exposed to erosion for a minimum 
period (hiring the year. The j)nrpose in growing a seasonal cover crop is, 
therefore, to protect the soil when the j’cgular cultivated crops arc off 
the ground. 

Examples of the soil-saving effect of a dense cover have been given in 
preceding pages. Although specifu^ data on the effecit of crops grown 
especially for seasonal cover are not available, there is no doubt ibal their 
effect in reducing runoff and soil loss is of the same order as for any other 
comparable dense cover, 

^ For HCfd mixtures for diticrent localities, sec Pasture Handbook, U. S, Dept. Agr. 
Misc, Pub, 174. 



PRACTICES IN SOIL AND WATER CONSERVATION 371 


Cover crops, as noted before, are helpful in conserving those soluble 
plant nutrients subject to loss by leaching. This process goes on wherever 
water percolates through a soil containing soluble plant food, especially 
nitrates. Under mild temperatures, nitrates are being continually formed 
by the decomposition of organic matter. This process goes on day and 
night, even in winter, in localities where the ground does not freeze. 
Unless plants are ready to absorb these nitrates, they are carried down by 
percolating water, beyond the reach of roots. Lysimeter experiments have 
shown that seventeen times as much nitrogen may be lost by leaching 
from bare ground as from cropped ground. In Texas, these losses have 
been shown to range from 67 to 168 pounds of nitrogen per acre per year, 
which is equivalent to an application of 400 to 1,000 pounds of 16 per cent 
nitrate of soda per acre. 

Barring the application of nitrogenous fertilizers, the organic matter of 
soils is the source of nearly all the nitrates used by nonleguminous crop 
plants. The loss of this organic matter by decay cannot be avoided, but ft 
is important that the products of such decay should not be allowed to go 
to waste. The nitrates produced can be largely absorbed by plant roots 
and removed from the path of percolating waters if the soil is covered at 
all times by a growing crop capable of curbing erosion. 

Protection of the soil from erosion and the absorption of nitrates that 
would otherwise be wasted are not the only roles played by cover crops. 
They also play an important part in soil economy by adding organic 
matter and, in the instance of leguminous cover crops, soil nitrogen. This 
is true in part, whether the cover crop is finally turned under or not. Most 
of the organic matter in soils is derived from the decay of roots. 

Experiments at the New Jersey Agricultural Experiment Station have 
shown that when land, of the kind tested, is left in grass for two years, the 
amount of organic matter in the soil is actually increased by about 1,300 
pounds per acre. Grass is not only the best possible cover from the erosion 
standpoint but one of the best crops where an increase of soil organic 
matter is desired. Not only is organic matter a storehouse of nitrogen, but 
its mechanical effect on the soil is highly favorable. A soil rich in organic 
matter absorbs rainwater more readily than one with a deficiency of 
organic matter. 

Cro'ps Used. The choice of a cover crop will depend on local condi- 
tions, costs, use to be made of the crop, and other factors. These crops 
may be used for green manuring purposes or merely for cover and to 
absorb nitrates or as catch crops to fill in between the harvesting of one 
principal crop and the planting of another. Such crops may be used foi 
winter or for summer cover. In some instances, the protective effect can 
be extended by plowing only part of the field, when preparing land for a 
subsequent crop. For example, crimson or bur clover preceding cotton 
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may be plowed on the balk system, only enough furrows being run to seed 
the cotton. Subsequently, the intervening strips can be plowed out as 
cultivation progresses. This not only extends the time during which the 
cover crop furnishes protection but provides for reseeding of the clover, 
particularly bur clover. 

Some summer cover crops may be left on the ground through winter, 
thus providing, even though dead, a measure of soil protec Lion. For 
example, crotalaria, soybeans, and cowpeas, grown to improve the soil, 
should not be plowed under in the fall unless a winter cover is Lo be seeded. 
If turned under in fall without a winter crop following, decay will result in 
the loss of much of the nitrogen, and the bare soil will be exposed to 
erosion. 

Technique. The seeding and use of cover crops should be managed 
as a part of the regular farm operations, (rrass or legume-grass mixtures 
arc seeded in the regular farm rotation in accordance with local require- 
ments. Temporary cover or catch crop.s arc seeded as soon as possible after 
the main crop is harvested. For instance, a grain field in which no clover 
or grass-clover mixture has been seeded is plowed as soon as conditions 
permit, so that a catch crop, such as Sudan or soybeans, can be planted. 
On j)oor Northern soils, buckwheat is commonly used. Such seeding can 
be successfnl only if moisture conditions are favorable. If not, it is better 
to leave the stubble and such weeds as may grow for soil protection. 

In llie (Ireat Plains, cover crops for protection against wind erosion 
are best seeded on the contour if there is any slope, since contour cultiva- 
tion aids in tlie conservation of moisture needed for the protective crops. 
If the season is favorable for a good growth, the upper portion of such 
cover as Sudan grass or sorghum may be cut for fodder, leaving a stubble 
about 18 indies for protection purposes. When only a small growth is 
made, the entire stand should be left, since it is worth much more for 
soil protection than for forage. Where a field has been severely blown, it 
may be advisal)le to seed the entire area to a protective crop until mois- 
ture conditions permit better growth. In other instances, the protective 
crop may occupy strips of varying width, placed at suitable intervals. 

Winter cover crops in the South arc used both for soil protection and 
for soil improvement. They sliould be seeded early enough Lo establish 
some growth before cold weather, but extremely early seeding is generally 
undesirable. The seeding date will depend on latitude. For example, in 
Virginia, North Carolina, Kentucky, and Tciincvssee, seeding in corn is 
not commonly wsatisfactory, as the corn furnishes too much shade. Farther 
south, velvet beans, soybeans, and the early-maturing strain of (Wotalaria 
fipectabilu are used extensively with corn as summer legumes. Chab grass, 
Florida purslcy, and beggar weed, all of which generally make a heavy 
growth after corn is laid by, also furnish satisfactory cover. In the 
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North, seeding must be earlier, late August or early September being the 
best time for the latitude of Washington, D. C. In the coastal plain area 
of Georgia, Alabama, Mississippi, and Florida, October seeding gives 
best results. 

Applicability of Crops to Problem Areas. Winter cover crops are 
not extensively grown in the Northern Appalachian and New England 
area. Hairy vetch is the only legume used to any considerable extent, 
although rye and other winter grains are planted by many farmers. A 
grass-clover mixture in a regular rotation gives excellent protection. 
Alfalfa and biennial sweetclover also afford good protection on suitable 
soils. For summer cover, crimson clover is used in the extreme north, 
whereas Sudan grass, millet, and buckwheat succeed in nearly every part 
of the region. On productive soils, rape, cowhorn turnip, and mustard 
may be used as catch crops, and soybeans may be used generally through- 
out the region. 

Within the Southern ’ Appalachians, crimson clover, hairy vetch, 
Austrian winter peas, and bur clover are used successfully in South 
Carolina, Georgia, Alabama, southern Tennessee, and the less elevated 
parts of North Carolina. Elsewhere in the region, red clover, seeded alone 
or with a grass mixture, together with alfalfa and sweetclover on adapt- 
able soils, are among the more commonly used winter cover crops. Hairy 
vetch, seeded with rye or oats, or winter grains seeded alone can be grown 
as beneficial cover crops throughout the region. In the southern part, rye 
grass, either alone or with crimson clover, has proved very successful. For 
summer cover, soybeans and cowpeas with Sudan grass, millet, or 
sorghum are important wherever a temporary cover is needed. Annual 
lespedeza is perhaps the chief leguminous summer cover for the Southern 
Appalachians, and perennial lespedeza is taking an important place both 
as summer and as winter cover on land not suited to alfalfa or red clover. 

The chief winter legumes now grown in the Atlantic and Gulf Coastal 
Plains region are Austrian winter peas, hairy vetch, crimson clover, and 
bur clover. Local experience should be the guide in choosing from this 
test. 

In the Florida peninsula, winter legumes are not extensively planted. 
Here winter grains may be used generally, as may also rye grass and Natal 
grass, on the better soils. On the limestone soils of Alabama and Missis- 
sippi, biennial sweetclover, Hubam clover, and sour clover are grown 
successfully. Hubam clover is promising for the area affected by cotton 
root rot in Texas. 

For summer cover, a wide choice is available for the Atlantic Coastal 
plain. Soybeans, and cowpeas, annual lespedeza, velvet beans, crotalaria, 
and sericea lespedeza may all be used, depending on soil and other 
conditions. Biennial sweetclover and alfalfa also make both winter and 
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summer cover where soil conditions are suitable. For permanent cover, 
kudzu and sericea lespedeza are recommended. 

In the Central Prairie and Eastern Timbered Border region, red clover, 
clover and grass mixed, alfalfa, and biennial sweetclover constitute the 
principal winter cover. Hairy vetch is grown to a limited extent in 
Michigan, usually with rye. Except in the extreme northwestern part 
of the region, winter grains make a satisfactory cover. In parts of Okla- 
homa and Texas, Italian or domestic rye grass has given promising results 
for winter cover. For summer, soybeans can be used nearly everywhere, 
and cowpeas and annual lespedeza southward from northern Missouri. 
In some localities, canning peas and Canada field peas are grown, but they 
do not afford protection in late summer because of their early harvest 
season — unleSvS interseeded with clover, ('lover and grass or clover alone, 
and alfalfa or biennial sweetclover seeded in grain, also furnish excellent 
summer cover throughout this region. Sudan grass and millet can be 
used also. 

For the Ozark Highlands, small grains are regarded as the most reliable 
cover for soil protection in winter. Soybeans, cowpeas, and lespedeza, 
sorghum, Sudan grass, and spring oats are effective at other seasons. 

In the southern ])art of the Croat Plains, winter grain is the most 
effective seasonal cover cro^) for winter. For summer, the sorghums and 
Sudan grass arc most reliable. In tlic northern Plains, spring grain affords 
protection for spring and early summer, and the perennial grasses, 
osi)Ccially crested wheat grass and western wheat grass, toi' winter. 
Sweetclover does well over parts of the area, particularly the eastern part, 
where alfalfa also sticcecds. 

In the drier western areas, only irrigated crops can be relied on 
generally for sc^asonal cover. Aside from irrigated lands, chief reliance for 
winter cover must be placed on the native grasses, although winter grains 
can be used in some localities. 

In the Pacific Sou tli west, special cover cr()i>ping is confined to the 
orchard areas. On nonirrigated land, winter grain, wild oats, bur clover, 
and allilaria provide fair to good cover, ('over croi)ping is a common 
I)racticc in most of the citrus groves and deciduous orchards. Vetches, bur 
clover, soxir clover, and mustard are effective for winter. Some use is made 
of domestic rye grass, alfilaria, fenugreek, and small grain, especially wild 
oats. In the orchards of the Placervillo section of (hilifornia, permanent 
cover of domestic rye grass, redtop, or legumes is xised, and sometimes 
Johnson grass. Satisfactory cover orop.s have not been found for the olive 
groves on dry land and vineyards on steep slopes. This is eciually true of 
land annually planted to grain, hay, and beans. 

Scsbania and other legumes are grown during summer in ilie Imperial 
Valley on land intensively cropped in winter, but tlicir primary function 
is tor soil improvement. 
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Cover crops are used regularly in the orchards of the Pacific North- 
west. In the Palouse, wheat and, in some cases, sweetclover provide some 
protection during winter, whereas peas and spring wheat give considerable 
protection to the less erodible lands. Where sweetclover is seeded in peas, 
the cover may be extended through summer and the following winter and 
spring. 

In the Snake River Valley, special cover crops are not used; but on 
irrigated land, alfalfa and clover, grown as a regular practice on many 
farms, provide excellent cover. In the Willamette Valley of Oregon, 
alfalfa, red clover, alsike clover, and sweetclover cover thousands of acres 
every year. 


Green Manuring 

Green manuring is the practice of turning under plant material to 
improve the soil. While any thick crop will provide seasonal cover, special 
crops are grown for green manuring. Red clover, sweetclover, and alfalfa 
make excellent green manuring crops when finally turned under, but they 
are rarely seeded for this particular purpose. 

Crimson clover, hairy vetch, and Austrian winter peas are the most 
important plants used for green manuring in the South. Bur clover, sour 
clover, and Hubam clover also are used but on a much smaller acreage. 
Crotalaria and cowpeas are the chief summer legumes used for this 
purpose. Lespedeza is not often seeded for green manure, but the stubble 
of the grazed crop serves the same purpose in the South as red clover 
stubble does in the North. In the Corn Belt, sweetclover is often seeded 
especially to be turned under for soil improvement. A native legume 
volunteering in wheat fields of western Iowa, known as Wood’s clover 
(JDalea alopecuroides) , makes an excellent green manure crop. Rye is used 
rather extensively, especially in the potato section of Delaware. It is 
turned under early and serves to maintain the organic supply of the soil 
at a satisfactory level. 

Green manuring in the intermountain and Pacific coast regions is 
confined to irrigated orchard or truck croplands. The crops most generally 
used are vetch, sour clover, bur clover, and mustard. Recently, a new 
system of mowing the cover crop and leaving it on the surface has been 
introduced in orchards and citrus groves of California. Italian rye grass 
is commonly used. It reseeds enough to maintain the stand. With repeated 
cuttings, a large amount of plant material accumulates on the surface. 
How successful this practice, which is a form of mulching, will be remains 
to be seen, but results so far have been encouraging. 

In the Pacific Northwest, especially in Washington, where alfalfa is 
ujsed as a permanent cover in irrigated orchards, the crop is mowed 
several times a year, and the material allowed to accumulate on the 
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ground. This is disturbed only by the furrowing necessary for irrigation. 
In the Willamette Valley, vetch is frequently used as a regular green 
manuring crop. In the Palouse, sweetclovcr seeded with peas is plowed 
under in June the following year in preparation for grain, thus serving the 
purpose of green manuring. 

Use of Crop Residues 

Crop residues consist of those parts of crops left in fields after harvest. 
Grain straw baled and sold is not considered a residue; but if it is scattered 
in the field by a combine, it is so considered. Corn stalks, cotton stalks, 



Fig. 1£4. —Burning vvlioal sliibhle to fiKullUiie plowing for next crop. (Pholoyrajyh hy 

iSoil doHservution ^^ervioc.) 


tobacco stalks, small grain stubble, scattered wheat straw, and the refuse 
from potato plants are illustrations of eroj) residu(\s. 

In the Ihil<)us(^ region, the pracliee of l)unuiig wheat straw and stubble 
was found to be conducive to severe erosion. On the other hand, where this 
residue was partly turned under and the ground left in a cloddy condition, 
erosion, 1)oth ])y wind and by water, was greatly n^duccd. The method is 
also applicable to the Great Plains (Figs, and 

Whore wheat is combined in this region, the stubble and straw left in 
the field frequently amounts to about 1, ()()() j)oiinds per acre. This can be 
incorporated with the soil without any marked elfccl on tlie yield ()f the 
next crop. But heavier amounts of such residue may depress the succeed- 
ing yield. Insufficient experimental data are available on the subject, but 
experience has shown that soil losses may be decreased or prevented by 
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plowing under part of the material and leaving part protruding from the 
soil. 

Where wind erosion is serious, the stubble of such crops as sorghum, 
Sudan grass, or even the entire plant when there has been little growth, 
will catch and hold snow and retard or prevent soil blowing for periods of 
a year or more. In parts of Kansas, stubble of Sudan or sorghum has been 
found favorable for seeding sweetclover without any seed-bed prepara- 
tion. Oats and sometimes rye are successfully seeded in cotton fields 



Fig. 125, — Disking wheat stubble to incorporate part of the residue with the soil for the 
control of wind erosion. {Photograph by Soil Conservation Service.) 


without plowing up the stalks. Some farmers report that small grain 
seeded on lespedeza stubble without preliminary plowing produces just 
as well as where the entire field is broken out. In Missouri, especially good 
results have been obtained with lespedeza-barley pasture where the 
barley is seeded on the lespedeza with only moderate disking. 

There seems to be little doubt that many mistakes have been made in 
general agricultural practice by plowing under every vestige of a crop in 
order to plant the succeeding crop. Much improvement is needed in this 
phase of farm procedure, in view of the fact that it usually amounts to 
unnecessary baring of the soil to the full erosive effects of wind and water. 





Chapter XVIL Farm and Range Plants 
Useful for Erosion Control and 
Water Conservation 


It has been explained that a dense cover of vegetation is the ideal 
implement for soil conservation. On farm and range lands, such perfect 
protection is most nearly approached, ordinarily, under conditions of a 
good pasture, meadow, or range sod; it is approximated through the use of 
various temporary and long-term protective cover crops. 

Plants that arc useful for soil conservation may be divided con- 
veniently into two groups: common farm and range plants and hitherto 
overlooked plants that offer promise for controlling erosion. Almost 
without exception, the former arc introduced plants from Ihirope, Asia, 
and Africa; the latter group consists largely of native American species 
whose utility was not recognized until the need for plants suitable for 
controlling erosion under various environmental conditions called atten- 
tion to their value. 

Good stands of trees, maintained in proper locations and protected 
from fire and grazing, also give ade(piate protection against eroKsion. 
The profitable use of this crop on tlie commonly cultivated and better 
lands, however, is limited bocuiisc of the relatively long time recpiircd for 
its cstablisli merit. On range lands, its use is also limited because of climatic 
rosiric lions. 

Cointrion Plants Useful in Erosion Control 

The mon* common farm crops iis(‘fiil in erosion control are those 
grown in pastures ami meadows, as soil-building crops in rotations, and 
as seasonal cover crops. These iilaiils have a dual value: They provide 
a satisfactory soil-protecting cover, and at the same time they furnish 
hay or pasturage or serve as soil-building crops. 

Pabtueio Grabhes 

Permanent pasture vegetation consists mainly of those plants which 
make an effective cover for soil and water conservation. This is particu- 
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larly true of sod-forming grasses when care is taken to establish and 
maintain a good ground cover. Where a good cover of forest occupies the 
summit and a good sod the adjacent slopes, even steep lands are safe 
from serious erosion. 

Since numerous plants can be used for pasture, adaptable species 
generally can be found wherever it is economically feasible to devote the 
land to permanent grass. Any classification of grasses as pasture or 
meadow plants is more or less arbitrary. When utilized for both pur- 
poses, they will be discussed here under the most common usage. 

Kentucky Bluegrass {Poa 'pratensis) and Canada Bluegrass 
(P. compressa). In those sections where Kentucky bluegrass makes a 


i 

i 



Fig. 126 . — This Virginia pasture is adequately protected from erosion by a good stand of 
'bluegrass. (Photograph hy Soil Conservation Service.) 


good growth, this plant usually occupies a place of first importance in 
erosion-control procedures by vegetative means. No other grass will 
make a more dense sod nor more effectively hold the soil on which it 
grows (Fig. 126). Ordinarily, Kentucky bluegrass requires a good soil; 
but even where soil conditions are not naturally favorable, much can be 
done to develop a good sod by appropriate fertilization and careful 
pasture management. 

This grass, which is highly palatable when young, will withstand a con- 
siderable amount of trampling. During the heat of summer, however, its 
grazing value is reduced, since it is not especially drought-resistant and 
prefers a cool rather than a hot climate. During hot, dry weather, Ken- 
tucky bluegrass pastures should be rested or grazed lightly to prevent 
dying and resultant loss of protective cover. 
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DISTRIBUTION OF SMOOTH BROME GRASS 
Cbromus INERMISD 
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In the North, Kentucky bluegrass is valuable for use on terrace out- 
lets, in grassed waterways, and for sodding gullies. It occurs quite 
generally through the Northern States, usually accompanied by white 
clover. The growth of both is commonly improved by an application of 
phosphatic fertilizer. Such treaLment is often essential if white clover 
is to be maintained in the pasture. Kentucky bluegrass is also valuable 
for permanent cover in many of the Rocky Mountain valleys that have 
an adequate supply of rainfall and a moderately cool climate. 

Canada bluegrass is less satisfactory for erosion control than Ken- 
tucky, since it makes a thinner sod. On the other hand, it will grow on 
poorer land and more droughty soil. 

Rbdtop (Agrostis alba) and thk Bent Guaismes (A, spp,). These 
species of AgrosLis, with their good sod-forming habits, are useful on land 

too acid for Kentucky bluegrass. 
Redtop not only flourishes on wet land 
I)ut does fairly well on poor land. 
Although the density is not equal to 
that of good bluegrass on productive 
land, redtop has much I, he same habits 
of growth and can be recommended' 
for many locations where bluegrass 
fails to thrive. 

The bent grasses, altliough grown 
cliiefly for lawns and golf courses, are 
used frectueutly in the pastures of New 
England and the noriliern Pacific coast region. Tlie minun’ous runners 
of some s])ecies and ilie dense growth of others form a lieavy ]nat which 
acts as a cushion against rainfall and ruiiolf. For this I'easou, the bout 
grasses are particularly useful in grassed waterways. 

Smooth Bhome (xuash mermLs), Because of its drought- 

resistant character, this grass is peculiarly suited to seniiarid conditions 
(Fig. 1^7), Its dense sod forms an ideal cover for any slope on which it 
can be established, and the sod resists trampling. It may be utilized for 
grazing or cut for hay. But for the fact tliat it becotne^s ‘bsod bound” 
and declines in productivity, it miglit be regardcnl iis a pernuuuuJt cover. 
A stand will remain reasonably productive for about 5 years; at this 
stage, a good disking that will not turn up llu^ soil too much nuiy extend 
productive life for a year or two longer. Eventually, any smooth brome- 
grass pasture must l)e plowed and turned into some rotation. Even so, 
the soil will liave been enriched through the nctcumulation of organic 
matter, and its resistance to erosion irialcrially increased. 

Bermuda (Jrahh {dynodxm dactijlon). Tliis is the rnosl. comrtion grass 
used for hay and pasturage throughout tlic Southern States. It produces 



BMAJOR DISTRIDUTION CIDminOR DIOTRiaUTlON 

Fig. DiHtrihiilion of .sinooLh 

bromo grass. (Uyiinvrvalitm Srri^icc.) 
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underground rootstocks and creeping stems that readily take root at the 
nodes, which results in a dense sod of outstanding value for erosion con- 
trol (Fig. 128 ). Notwithstanding its habit of spreading, Bermuda grass 
permits a fair growth intermixed with lespedeza. This combination adds 
to the grazing value of the pasture. Bermuda makes a good permanent 
pasture, even on erodible sloping land. It is especially effective as a pro- 
tective lining for terrace outlets and diversion-ditch channels and gives 
good results in the stabilization of gullies. It is readily established from 
seed, stolons, or rootstocks. 

Objection is sometimes made to Bermuda grass on the ground that it 
may become a weed in cultivated fields. Although every effort should be 



Fig. 128. — Bermuda grass makes a good cover and good pasture. {Photogra'ph by Soil 

Conservation Service.) 


made to keep it out of fields in the regular rotation, its value in the pro- 
gram of soil conservation on the upland areas of the South is so great that 
it is not possible to dispense with its use. No grass of proved adaptability 
can take its place in this part of the country. 

In parts of Arkansas, Louisiana, and east Texas, Bermuda grass is 
being grown extensively for pasturage. In getting it started, many farmers 
are cultivating and fertilizing the crop in row plantings. 

Carpet Grass (Axonopiis compressus ) . This Southern grass occupies 
but a minor place in the catalogue of erosion-control pasture plants. Its 
habitat is the moist sandy soils of the southern Atlantic coastal plain, 
where the land is seldom subject to serious erosion, aside from gullying 
sometimes started by runoff from eroding uplands. After it has become 
well established, carpet grass makes a tough sod, so dense as practically 
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to exclude all other vegetation. Wherever the location to which the grass 
is suited is subject to erosion, its use can be recommended. 

D ALLIS Grass {Paspalum dilatatnm). This grass, while not ideally- 
suited to erosion control because of its slowness in spreading, is helpful, 
nevertheless, especially in gullies and waterways subject to gullying. 
Since the seed are always rather poor, even heavy seedings seldom pro- 
duce a dense stand. 

Daliis grass often is used in Southern pastures, where it may be of 
considerable value. It generally should be used, however, in such mix- 
tures as will insure a complete ground cover promptly. Thevse mixtures 
may include Bermuda grass, lespedeza, or some kind of clover, the 
particular selection varying with local conditions. Daliis does especially 




Pia. 129. — Dislribulioii of Daliis grass (left) and blue grama (right). 

well on the calcareous lands of the Mississippi-Alabama Black Belt. It is 
also useful on good lands elsewhere in the South (Kig. 1^0). 

Blue Grama (Bouteloua gracilifi). Although seed of blue grama are 
not yet on the market, the plant is so common and occurs in ])ure stands 
over such a wide range that a good seed crop can l)c counted on almost 
every year. Blue grama occurs generally throughout the (Jreat Plains and 
farther west in Now Mexico and Arizona (Fig. It is highly palatable 
and is one of the chief grazing plants on mu(!h of tlie Western range. 
Gommonly associated with bullalo grass, it is sod-forming in habit, with 
a relatively shallow but very dense root system which makes it (sspecially 
desirable for use in erosion control. Quick germination (with proper 
moisture, it will emerge within 48 liours after planting) is a distincl asset 
under semiarid conditions. 

Since the seedlings are shallow-rooted, good survival is closely related 
to the care exercised in preparation of the seedbed and the protection of 
the young seedlings against wind damage. A rather common practice in 
parts of the Great Plains is to seed in stubble, which gives both protection 
and the desired seedbed. The seed must be planted shallow. Conservation 
of all available moisture by methods of contouring has proved desirable in 
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the Plains country. Seedings on loose sandy soil have resulted in many 
failures. Some good results have been attained^, however, by seeding on 
snow, immediately after a rain, and by 
contour seeding on contour-furrowed 
land. 

There appear to be distinct strains 
of blue grama, with the Southern 
varieties tending to be later in matur- 
ing and more vigorous than the North- 
ern strains. This fact provides a 
starting point for selection of the best 
strains for both erosion control and 
range re vegetation. Seed can be 130.— Distribution of buffalo grass. 

harvested easily by the use of bluegrass strippers and special power 
strippers developed by the Soil Conservation Service. 

Buffalo Grass {Buchloe dactyloides). This is one of the most char- 
acteristic grasses of the semiarid Great Plains (Fig. 130). It makes a 
close, even turf, produces a large amount of nutritious forage, and forms 



Fig. 131 . — Buffalo grass: development from sodding after one season’s growth. 


a most effective erosion-resistant sod. In the Southern Plains, it ranks 
first in importance among the native grasses for control of wind erosion, 
possessing all the characteristics desired for this purpose, except that of 
producing heavy seed crops. Being very drought-resistant, it does well 
throughout the region (except on loose sandy soil), spreading rapidly 
by means of stolons and withstanding heavy grazing. Besides its primary 





884 


SOIL CONSEBVATION 


use for grazing and soil binding over extensive areas, buffalo grass is 
useful in vegetative linings for terrace channels and outlets, for gully 
strip sodding, and for the protection of earth fills around ponds and 
reservoirs. 

Despite its excellent qualities for erosion control, the use of buffalo 
grass is somewhat limited by lack of seed. The seeds are borne in burs 
which are carried on stalks so short as to preclude the use of regular 
harvesting machinery. In the experimental work of the Soil Conservation 
Service, some seed have been gathered by hand and with specially 
developed suction machines which collect fair quantities. Seed crops are 
light, however, and the expense of collecting may always interfere with 
extensive seeding. 

Buffalo-grass seed remain in good condition long after shattering; 
old seed have been found more readily germinable than fresh seed. An 
ordinary corn planter can be used for seeding; in Texas, cotton planters 
have been used. Another method of establishment is the use of small 
pieces of sod. This method (Fig. 131) offers the opportunity for extending 
the area of this valuable grass steadily although not rapidly.^ 

Leguminous Pasture Plants 

Several legumes suitable for pastures have an important role in the 
control of soil erosion, either alone or in mixtures with grass. 

White Clover {Trifolium repens). This plant, probably the most 
widely distributed of the true clovers, occurs in most humid areas wher- 
ever soil conditions are at all favorable. Except for seed purposes, it is 
never used alone but always in mixtures with grasses. The creeping stems 
root at the nodes and thus help to bind the soil. Since white clover will 
not endure much shade, it is a typical pasture rather than a meadow 
plant. Where grass is allowed to grow high, white clover eventually dis- 
appears. Although it demands less lime in the soil than red clover, it is 
especially responsive to treatment with phosphatic fertilizers. On many 
Northern hillsides, a good growth of white clover often can be obtained 
without seeding, following an application of about 500 pounds of super- 
phosphate per acre. This vigorous growth of white clover will, in turn, 
stimulate the grass and make for a denser sod (Fig. 132). 

The Hop Clovers. Two low-growing winter annual clovers {Tri- 
folium dubium and T, procumbens) are useful for late winter and early 
spring cover in the South. They are used chiefly in association with 
summer grasses. Trifolium dubium, the least hop clover, is most abundant 
in the South and on the Pacific Coast; whereas T. procumbens, the low 

^ Savage, D. A. Methods of Reestablishing Buffalo Grass on Cultivated Land in the 
Great Plains, U. S. Dept. Agr. Circ. 328, 19S5. 
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hop clover, is the dominant species farther north, particularly in Ten- 
nessee and North Carolina. 

Although both species occur scatteringly throughout the humid parts 
of the United States, they are of importance as cover and for grazing 
only in the South and Far West. Growth is so rapid in early spring that 
by June the plants are mostly mature and so disappear for the remainder 
of the season. 

SwEETCLOVER. Although sweetclover often is grown for hay, its 
main uses are for grazing and soil improvement. However, since the most 
commonly used species is a biennial, it cannot serve for a long-term cover. 
Requiring an abundance of lime in the soil, sweetclover will thrive on 
rundown land only after artificial liming. Seeded with small grain, it 



Fig. 132. — White clover is very desirable in a mixed-pasture. North Carolina. {Photograph 

by Soil Conservation Service.) 


covers the soil for the remainder of the summer and begins a vigorous 
growth early the following spring. 7 hen it may be heavily grazed until 
midsummer, at which time the seed crop is matured. Sufficient seed for 
new plantings may be harvested readily from any pasture or field of 
second-year sweetclover. 

Since it is winter-hardy and drought-resistant, sweetclover has a wide 
range. If lime is available, this legume will grow almost anywhere. It is a 
v'aluable plant to combat water loss after grain harvest and to add organic 
matter to the soil. From the standpoint of soil and water conservation, 
sweetclover is perhaps as important in adaptable portions of the Great 
Plains as any legume. 

Sweetclover requires a firm seedbed and may be drilled in Sudan grass 
or sorghum stubble without disturbing the land. This stubble protects 
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the ground until the sweetclover has attained a sheltering growth. In the 
drier localities, seeding should follow a period of fallow. Seeding in con- 
toured furrows has given fair success in eastern Colorado and other dry 
areas of the Great Plains. 

The Annual Lespedezas. Few plants except grasses are more 
satisfactory for the conservation of soil and water than the annual 
lespedezas (Fig. 133): common lespedeza, Tennessee 76, Kobe {Lespedeza 
striata) i and Korean (L, stipulacea). Although not usually thought of as 
permanent cover, they can be made to serve practically the same purpose 
over a term of years if allowed to volunteer. 

Adapted to both good soil and soil of relatively low productivity, these 
plants make a dense, low cover of innumerable stems and leaves which 



i^iG. 133. Tlic lespedezas make ideal summer pasture and a dense soil cover. 

Tennessee. 


prevent direct impact of rain on the soil and retard runoff. As a result, the 
soil loss from a field carrying a good stand is small. At Statesville, N. C., 
the average annual soil loss per acre for the period 1931-1935 from an 
area (on a 10 per cent slope of the extensive Cecil sandy clay loam) in 
annual lespedeza was only 0.63 ton, compared to a loss of 20.19 tons from 
a similar plot in corn and 13.87 tons from another similar area in cotton. 

Annual lespedezas warrant extensive use. They may be established at 
low cost and will maintain themselves for several years at no cost what- 
ever, Meanwhile, they yield a return in hay or grazing and protect the 
soil at the same time. Even if grown only as a measure of soil conservation, 
their use is justified by the improved condition of the soil when it is 
returned to other crops. Although the lespedezas do well on soil of only 
moderate fertility, they respond to treatment with phosphatic fertilizers 
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on poor, badly eroded land. It generally will pay to use some lime and 
phospborus on eroded acid land, since a better growth of lespedeza will 
mean greater protection from erosion, more hay or grazing, and more 
rapid soil improvement. 

Annual lespedezas may be seeded alone or with a grass like Bermuda. 
In many localities, they lend themselves to a dual use of the land, which 
at the same time makes for more perfect erosion control. In Missouri, for 
example, a year-round pasture system has been devised in which small 
grain is disked into a growth of annual lespedeza after the seed have 
ripened. The grain covers the field during winter, and the volunteer 
lespedeza occupies the ground during summer. At present, it is impossible 
to state how generally such a combination can be used or the number of 
years that it can be continued. But the system is proving of such great 
value in the conservation of soil and water that it deserves careful con- 
sideration wherever it may be applicable. Seed are so readily harvested 
that any farmer can secure from his own fields an adequate supply at 
almost no cost. 

The varieties of L. striata are generally best suited to the territory 
from northern Tennessee to the Gulf. Korean, on the other hand, because 
of its early maturity, will give better results for the area from Tennessee 
to about central Illinois. 

Meadow Grasses 

Meadow plants are not commonly left on the land so long as pasture 
crops; they are used sometimes merely as one member of a 3-year rotation. 
In some instances, however, especially after alfalfa, a stand of some 
meadow grasses may be left for many years. 

Timothy (Phleum 'pratense ) . Timothy is the most widely used grass 
in the Northeastern States. Its range extends as far south as the high- 
lands of western North Carolina. It also is used in mountain meadows 
and on irrigated land in the Northwest. Although its lack of drought 
resistance makes it unavailable for semiarid regions, in the more humid 
sections of its habitat timothy is used in most farm rotations. Seeded alone 
or with clover, it makes a splendid cover for 2 years or more. On erodible 
land, it is desirable to leave timothy as long as it remains productive and 
in many instances even after its period of optimum productivity has 
passed. A field may be used for pasture after it has lost its usefulness for 
hay. Because of the well-understood use of timothy, coupled with the 
abundance and usually low price of seed, this is one of the best grasses for 
semipermanent cover in the Northeast. 

Orchard Grass {Dactylis glomerata). Since orchard grass forms 
clumps or tussocks, it makes a less satisfactory cover than sod-forming 
grasses. When seeded thickly, however, or when interseeded with 
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lespedeza, it may give good results. It grows on poorer soils and will 
endure more shade than the better sod-forming grasses. Orchard grass has 
proved especially useful in the southeastern Piedmont and Ozark High- 
lands and is grown also in other sections. If not grazed too heavily, it can 
be used as a permanent cover for moderate slopes, in permanent strip 
crops in cultivated fields, and in orchards where a permanent cover is 
needed. Seedings should be heavy enough to insure a thick stand. Annual 
lespedezas, particularly Kobe and Korean, interseeded in thin stands will 
help complete the cover. The crop may be utilized for hay or for grazing. 

Reed Canary Grass (Phalaris arundinacea). Although primarily a 
swamp plant, Reed canary grass succeeds also on some upland soils. With 
its interlacing rootstocks and heavy growth, it makes a dense protective 
cover (Fig. 1S4). Ordinarily it flourishes in the Northern States on seepage 



Fig. 134. — Distribution of Reed Canary grass (left) and crested wheat grass (right) 


slopes and is helpful in the stabilization of terrace outlet channels. Reed 
canary makes a permanent cover and may be used for hay or grazing. 
Although the seed shatter readily, farmers generally can gather their own 
supply. 1 

Crested Wheat Grass {Agro'pyron cristatum). Introduced from 
Russia, this perennial bunch grass (Fig. 135) has been found particularly 
well adapted to the soils and rigorous climatic conditions of the northern 
Great Plains (Fig. 134). Its marked resistance to drought, its deep, 
extensive root system, and its early spring growth and excellent reseeding 
capacity make it a most useful plant for erosion control over an enormous 
area in subhumid and semiarid regions. On farms where the cost of seeding 
is an important item, crested wheat grass is an especially suitable 
species. About 2 to 3 pounds of seed per acre will produce a stand. 
Such a planting, if allowed to seed, will in a few years cover the entire 
area with a good stand. A quicker cover can be obtained by the use of 
more seed, sown in drills or broadcast; but on many tracts of abandoned 

^ Amy, A. E., Hodgson, R. E., and Neeom, G. H. Reed Canary Grass for Meadows and 
Pastures, Cniv, Minnesota, Agr. Exper. Sta. Bull, SJ63, 1980, 
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land, the lower cost seeding plan will give satisfactory results. Late fall 
planting has been found advantageous, as it obviates the necessity of 
loosening the soil in spring when it is more susceptible to blowing. Since 
seed are easily harvested, the crop may produce an income from seed, 
hay, or grazing. 

Sudan Grass {Sorghum vulgare var. sudanense ) . This standard forage 
grass can be grown nearly everywhere in the United States. In the humid 
East it is frequently used as an emergency hay or pasture crop and also 



Fig. 135. — Plants of crested wteat grass. North Dakota. {Photograph by Soit Conservation 

Service.) 


for temporary cover. Its most important place, however, is for checking 
wind erosion in the Great Plains. The seed germinate quickly, and the 
plants make rapid, sturdy growth. One of the most common treatments 
for eroded fields in the Southern Plains is blank listing and the seeding of 
Sudan grass in rows, preferably on the contour. In harvesting, the stalks 
should be cut high; where checked by drought, the entire crop should be 
left as a protective cover. 

Legumes for Meadows or Permanent Cover 

In some ways, legumes are preferable to grasses for conservation pur- 
poses, since they produce hay with a higher protein content and increase 
productivity by adding nitrogen to the soil. On the other hand, many of 
the most valuable legumes do not grow on badly worn soils, whereas some 
of the grasses thrive on all but the most sterile land. 
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Alfalfa {Medicago satim). In those areas where it is adaptable, 
alfalfa is almost invariably the leading hay crop. However, it thrives 
only on land that is at least fairly productive and even then requires 
plenty of lime and phosphorus. It is grown principally in the country 
north of the Ohio and Potomac Rivers, thence westward and south- 
westward. South of this line, it is grown locally in the upper Piedmont; 
the Appalachian limestone sections; the Black Belts of Alabama, Missis- 
sippi, and Texas; the Mississippi delta; and other favorable localities. 
In the drier sections west of the 100th meridian, successful growth de- 
pends largely on irrigation. 



Fig. 136. — Alfalfa is an excellent plant for permanent strip cropping. North. Carolina. 
{Photograph hy Soil Conservation Service.) 


Alfalfa is well suited for the development of permanent or semi- 
permanent cover on sloping land where the abundant growth eflfectively 
controls erosion and runoff. It is also well suited for permanent strips 
between cultivated crops (Pig. 136). 

Red Cloveh {Trifolium pratense) and Alsieie Clovek (T. hybridum). 
Used in standard rotations, these crops make excellent cover. Commonly 
seeded on or with small grain, the first year’s stand covers the ground 
after harvest, during the following winter, and for at least part of the 
next summer. 

Red clover usually is seeded with timothy. This mixture may be left 
for hay or grazing for more than one year, making excellent cover. Plowed 
under, red clover improves the soil, making it more permeable and 
resistant to erosion. Although it requires a productive, well-drained soil, 
its lime requirement is not so high as that of alfalfa or sweetclover. 
Although it is a northern plant, it can be grown in the upper part of the 
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southern Piedmont where lime and phosphatic fertilizers are applied. 
In the South, however, it does not last through summer, nor will it 
grow under semiarid conditions. 

Alsike clover is a good substitute for red clover and has the added 
advantage of succeeding on poorer soils — ^particularly those less well sup- 
plied with lime and of somewhat poorer drainage. 

Lespedeza Sericea. In the South, the principal legumes available 
for permanent or semipermanent cover are L. sericea and kudzu. The 
former is a perennial well suited to a wide variety of soil conditions, in- 
cluding eroded land (Fig. 1S7). Seeded on land where gullies are forming. 



Fig. 137. — Lespedeza sericea is a good soil conserver and builder, and is valuable for wildlife. 
North Carolina, (photograph by Soil Conservation Service.) 


a good stand of sericea will not only check erosion but help smooth out 
the gullies that already have started. It is also suitable for strip cropping, 
buffer strips, meadow waterways, and marginal field and odd-corner 
plantings. Although it makes slow growth the first season, subsequent 
progress is characteristically good, even under conditions of heavy weed 
infestation and poor soil. The crowns give rise to an increased number of 
stems in successive years, and accumulation of decaying leaves and 
branches builds up a protective ground mulch. 

Lespedeza sericea already has proved to be a valuable plant for erosion 
control throughout the region to which it is adapted. This, according to 
present experience, appears to be generally south of the Ohio and Potomac 
Rivers and as far west as eastern Kansas and Oklahoma. It has sue- 
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ceeded in some places north, of the Ohio but is subject to winter killing 
where the temperatures go much below zero. 

This crop has an important economic place on the farm for the 
dual purpose of erosion control and hay production. It is also an excellent 
plant for use in the development of wildlife resources. The dense growth 
offers splendid refuge, and the seed are relished by quail. The plant pro- 
duces an abundance of seed. 

Lespedbza Jtjncea. This is another perennial of similar habit to 
Lespedeza sericea, which gives promise of equal, or perhaps even greater, 
usefulness in erosion control. Since its habit of growth is more bushy than 



Pig. 138. — Kudzu taking hold on badly eroded slope. Clark County, Georgia. {Photograph 

by Soil Conservation Service.) 

that of sericea, it may make a better cover. However, information is not 
yet available as to its value for hay or grazing. 

Kudzu (Pueraria thunhergiana) , Kudzu is a perennial vine of great 
value both for control of sheet washing and for the reclamation of gullies 
(Figs. 138 and 139). Established plants produce each year a number of 
runners from 30 to 50 feet in length. These, together with the broad 
leaves, almost completely cover the ground. The vines root at the nodes 
wherever they are in contact with moist soil and thus establish new 
plants from which runners spread over a wider area the following year. 
The result in three or four years is the establishment of a dense cover 
which effectively checks runoff and erosion. 

Planted on the margins or on the sides of gullies, the vines eventually 
fill even large chasms by catching silt and gradually filling in the depres- 
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sion. Meanwhile, such a gully may be used for reserve summer grazing 
long before it is filled. Although kudzu plants are killed by severe frosts, 
such a mass of vines and dead leaves is left on the ground as to aid 
materially in the control of winter erosion. 

Kudzu should not be depended on alone for control of gully heads. 
Since water may cut the soil from under the plants at such points, more 
close-growing vegetation or mechanical structures frequently are needed 
to supplement the kudzu. 



Fig, 139 . — Severely eroded land completely stabilized with kudzu, which is producing 
excellent hay. Alabama. (Photograph hy Soil Conservation Service.) 


Velvet Beans. These are strong-growing viny plants very com- 
monly planted with corn in the Cotton Belt. Of the several varieties, 
the later maturing ones are more vigorous growers than the earlier 
varieties but are restricted in their range to Florida and the extreme 
southern parts of Georgia, Alabama, and Mississippi. The earlier vari- 
eties can be grown throughout the Gulf States and as far north as eastern 
North Carolina. 

Planted with corn, velvet beans make an excellent late summer and 
early winter cover. They make good growth even on poor land and add 
liberally to the organic supply of the soil. They are immune to nematodes 
and wilt and carry numerous large nodules on their roots. 

Winter Cover Crops 

The use of cover crops has been discussed in a previous chapter. 
Those seeded in the fall for the purpose of erosion control and soil im- 
provement are called lointer cover or green manuring crops. With the 
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exception of rye and other small grains occasionally used in this way, 
such crops consist of legumes, and the list is relatively small. 

Crimson Clover {Trifolium incarnatum). This clover is best 
suited to the northern part of the Cotton Belt and the Atlantic coastal 
plain as far north as New Jersey. In northern Georgia and other parts of 
the southern Piedmont, it makes a splendid winter cover and adds much 
organic matter when turned under (Fig. 140). It also may be used for 
winter grazing and for hay. Once a stand has been established, seed may 
be collected easily by a farmer for his own use. Seed in the hull are some- 
what more difficult to handle than hulled seed, but a stand is more 
certain when unhulled seed are used. 



Fig. 140. — Crimson clover is a good winter cover and green manure crop. South. Carolina. 
(Photograph by Soil Conservation Service.) 


Vetches (Vida spp.). Two of the more important vetches are the 
hairp and the smooth forms of V. villosa. The latter makes better growth 
in the average winter of the South; it is not so well suited to the more 
northerly parts of the United States. Hairy vetch, which is winter-hardy 
from the Gulf of Mexico to Michigan, is the most commonly used winter 
legume in the United States. Both are weak-stemmed, viny plants which 
ascend only with support (Pig. 141). 

Monantha vetch (F. monantha) resembles hairy vetch in the growth 
habit but has smaller stems and leaves. It is valuable in Florida and the 
southern parts of Georgia, Alabama, and other similar regions. Common 
vetch (F- saliva), although not reliably hardy in the Southern States, is 
used extensively in western Oregon and Washington for hay, pasturage, 
seed, and soil improvement. Hungarian veich (F. pannonica) is especially 
adapted to heavy, wet soils and is as winter-hardy as the smooth form 
of F. villosa. The stems are stronger than those of hairy vetch. Its present 
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use is confined largely to the Pacific Northwest. Purple vetch (V. atro- 
purpurea), although winter-hardy, is most frequently used for green 
manure in the citrus groves of southern California. It is not adapted to 
the Cotton Belt. 

Austrian Winter Pea (Pisum arvense). Next to hairy vetch, this 
is the most widely used winter cover crop in the Cotton Belt. It makes 
good growth in winter and spring, producing considerable quantities of 
organic matter. 



Fig. 141 . — ^Hairy vetct and rye make a good combination for protective cover and soil 
improvement, even in the North. (Photograph hy Soil Conservation Service.) 

Bur Clover (Medicago spp.). The southern bur clover (M. arabica) is 
adapted to most of the Cotton Belt, preferring productive soil. The seed 
are sown in the bur and can be readily collected by sweeping up the burs 
in the field. On well-drained, good land, the plant makes excellent cover; 
with proper handling, it can be made almost permanent. When bur clover 
land is prepared for cotton or corn, unplowed strips or balks may be left 
between the cotton rows. On these, the clover will ripen seed. The residue 
can be worked down as the cotton is cultivated. 

California bur clover (M, hispida) is one of the chief winter covers 
on millions of acres of hill land of the Pacific Coast, from southern Cali- 
fornia to Oregon. It furnishes excellent grazing and volunteers with the 
advent of fall rains. 
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Sour Clover (Melilotus indica). This is one of the minor winter 
legumes of the Cotton Belt, It is a yellow-flowered annual related to 
biennial white sweetclover and, like that species, demands an adequate 
supply of lime and phosphatic fertilizer. 

Hubam Clover {Melilotus alba annua). This annual variety of the 
biennial white sweetclover is being used effectively in parts of Texas 
affected by cotton root rot. Making its principal growth in spring and 
early summer, it escapes most of the ravages of the disease (which affects 
all legumes). 

Hubam clover is also used in some parts of the North as a temporary 
late summer cover. 

Overlooked Vegetation Useful for Erosion Control 

Although for the present and immediate future, control of erosion by 
vegetation must depend largely on the use of those established crops for 
which a seed supply is available, it is recognized that many native 
species, as well as some newly introduced, hold promise for wide areas and 
for special purposes or local use. 

As the work at Soil Conservation Service nurseries has progressed, 
many species and strains that heretofore had received very little con- 
sideration have been found to have exceptional value for various erosion- 
control practices. Overlooked until this particular need developed, many 
such plants because of especially desirable characteristics are now 
being brought into the soil and moisture conservation program. 

Grasses 

The Gramas {Bouteloua spp,). Among the most valuable grasses 
of the Great Plains and various parts of the West are the gramas. They 
stand high in the scale both for forage and for erosion control. The species 
so far tested are all perennials, although Bothrock grama {B, rothrochii)^ 
is rather short-lived. Blue grama {B, gracilis) was referred to in the first 
part of this chapter. Of the others, side-oats grama {B, curtipendula) has 
a wide distribution, develops a bunch habit of growth, and is found 
usually in scattered stands associated with other gramas. Because of its 
vigorous growth, leafiness, heavy stems, strongly branching root system, 
and the ease with which it is seeded and harvested, combined with a wide 
soil and climatic adaptation, this plant promises to become one of the 
most important native grasses for general re vegetation purposes (Fig. 
14^) . Seed production under cultivation has been good, with yields run- 
ning as high as 400 pounds an acre. 

^ The nomenclature followed is that of Hitchcock, A. S. Manual of the Grasses of the 
United States, U. S. Dept. Agr. Misc. Pub. 200, 1935. 
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Black grama (5. eriopoda) is distributed more or less generally through 
southern New Mexico, Arizona, and western Texas. Spreading by 
tillers and stolons, it has good soil-binding properties. Since it does not 
produce seed consistently under natural conditions, development of 
improved methods of seed production must be sought. 

Hairy grama {B. hirsuta) is a perennial grass which occurs in scat- 
tered stands throughout most of the Central and Rocky Mountain states 
but reaches its maximum usefulness as a range plant in Arizona and New 
Mexico. Its adaptation to soil and climatic conditions is similar to that 
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of blue grama. Like the latter, it tends to form a sod in the North and to 
assume a bunch habit of growth in the South. It appears to succeed on 
land unfavorable to various other grasses, but the scattered stands have 
made it necessary thus far to harvest the seed by hand. 

Roihroch grama is limited to the southern half of Arizona and south- 
western New Mexico, where it occurs extensively in pure stands. Al- 
though unable to withstand too close grazing, it seeds readily in favorable 
seasons and produces an excellent cover on relatively poor soils where 
few other grasses wiU grow. 

Wheat Grasses {Agropyron spp.). The native wheat grasses of the 
United States have been found to be of great importance. Western wheat 
grass (A. smithii) (Pig. 143), a perennial that spreads by creeping root 
stocks, is an important hay grass. It produces a quick ground cover and 
a heavy sod. Its tenacious soil-binding habit makes it especially useful 
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for sodding terrace outlets and channels, stabilizing gullies, and protect- 
ing stream and reservoir banks against wave action. It is useful in the 
reclamation of abandoned farm lands and some types of depleted range. 



Fig. 143. — Western wlieat grass is of great assistance in the control of erosion. Wyoming. 
(Photograph by Soil Conservation Service,) 


DISTRIBUTION OF WESTERN WHEAT 
(AGROPYRON SMITHIl) 


It is quite generally distributed through the West and has been intro- 
duced in some localities east of the Plains (Fig. 144). 

Seed are readily harvested and cleaned with ordinary small grain 

equipment. Seeding can be deep enough 
to insure germination and establish- 
ment, even under low rainfall condi- 
tions. Best success has been attained 
on fairly deep soil, particularly on 
alluvial and valley-fill land. 

Blue-bunch wheat grass (A, spica- 
turn) and beardless blue-hunch wheat 
grass (A, inerme) are much alike, but 
the latter, being awnless, makes a more 
Fig. 144.-Dtoibuti0^^ of western desirable grazing plant. The former 

occurs from Alaska to California and 
eastward into New Mexico, Colorado, Wyoming, and Montana, whereas 
A, inerme is found chiefly in the intermountain region and the Pacific 
Northwest. Both are perennial bunch grasses, characterized by tenacious 
root systems and marked drought resistance. Reproduction is by seed. 
Superior strains of A, inerme, showing exceptional qualities of vegeta- 
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tive vigor and seed production, are now under observation in Soil Con- 
servation Service nurseries. 

Another stolon-forming species is ihick-spihe wheat grass (A* dasys- 
tachyum)^ frequently found on drifting, sandy soil. It is a sod-forming 
grass but often produces rather sparse cover and a light seed crop. A 
promising strain has been found, however, which makes a more nearly 
complete cover and gives exceptional yields of seed. This has been estab- 
lished successfully in test plots under a wide variety of conditions and is 
believed to have special value for control of wind erosion. 

Another species of the group is quack grass {A. repens) ^ which long 
has been considered one of the most serious weeds of the North (extending 
as far west as the Plains). In spite of this bad reputation, however, its 



Fig. 145. — Big bluestem in Soil Conservation Service nursery. N 

ly Soil Conservation Service,) 


very aggressiveness and habit of rapid spread by creeping rootstocks 
make it valuable as a soil binder. Wherever it is commonly established, 
its use on slopes that should be in permanent grass may well be given 
consideration, as it is a good grazing and a fair hay plant. 

Bluestems {Andropogon spp,). The big and little bluestems once 
covered wide areas in the prairies, particularly from Illinois to Oklahoma. 
These stands have given way to the plow, although scattered remnants 
are to be found. Recently, there has been a revival of interest in these 
species. Big bluestem (A. furcatusy Fig. 145) is a tall, leafy plant of bunch 
habit but with a deep and extensive root growth which furnishes good 
soil protection. It occurs in the eastern parts of Oklahoma, Kansas, 
Nebraska, and South Dakota. Seed may be harvested by power strippers 
or by combine harvesters. Higher yields of better quality seed have been 
obtained from cultivated plantings jmde where the plants have room 
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DISTRIBUTION OF LITTLE BLUESTEM 
'^jjANDROPOGON SCOPARIUS) 


; V- .r;‘ vr'^'^4 

MAJOR distribution 1.1 MINOR OIST^UTION 

Fig. 146.- Distribution of little blue- 
stem grass. 


Little hluestem (A. scoparius) is also a bunch grass of wide distribution. 
It occurs in dense stands where the soil is good and moisture plentiful. 
Its leafiness and vigorous root system make it a very good plant for 
control of erosion. Several strains showing wide differences in vegetative 
characteristics have been isolated by the United States Department of 

Agriculture and state experiment 
stations. Excellent yields of high- 
quality seed have been obtained under 
cultivation (Fig. 146). 

Sand hluestem (A. hallii), widely 
distributed throughout the Great 
Plains, is especially suited to sandy 
soils. It has an extensive creeping root 
system and has given good results in 
stabilizing certain types of ‘"blow soil” 
in the central Great Plains. Extensive 
use for reseeding purposes is somewhat 
restricted by present scarcity of seed, but this difficulty is being overcome 
gradually by producing seed under cultivation. Matured hay of sand 
bluestem spread on eroded land serves as a protective cover until the 
seedings become established. 

Broom sedge (A, virginicus), a bunch grass that resembles little blue- 
stem, is widely distributed on abandoned land from Pennsylvania to the 
Gulf. Establishing itself readily in dense stands, it has served a highly 
useful purpose in conservation of soil, especially on temporarily idle and 
abandoned land. When young, it is of value for grazing and produces 
fair hay when cut at a height of about 10 or inches. It might well be 
encouraged until better grasses can be substituted. 

Reed Gbasses {Calamovilfa spp,). Two of the reed grasses — Giant 
reed grass {C, gigantea) and longleaved reed grass (0. longifolia) — of wide 
distribution on light sandy soil through the Great Plains have been found 
useful in erosion-control practices. Although not very palatable, their 
vigorous horizontal rootstocks are highly effective in binding the soil, 
especially on “blowout’’ sandy areas. Their use for this purpose is 
facilitated by their extreme resistance to drought; by their tall, coarse, 
tough growth characteristics; and by their responsiveness to planting 
either vegetatively or with seed. An effective method of establishing 
these grasses on sand dunes has been by scattering the full-ripe hay over 
the surface. This temporarily stills the sand and furnishes protection 
until the young plants are established. 

Blowout Grass. Another grass useful in controlling “sand blows” 
is blowout grass (Redfieldia flexuosa)^ which grows naturally on the deep, 
loose sands of the Great Plains, particularly the dunes of the Texas 
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Panhandle section and the Nebraska sandhills. It has a tenacious, strongly 
rhizomatous root system which often extends £0 feet or more from the 
parent plant. This feature, together with the toughness of stem and 
foliage, enables the plant to withstand drifting sand and makes it espe- 
cially useful for controlling such areas. Although seeding habits are poor, 
fairly good supplies have been produced under cultivation. 

Beach Grasses. The grass most widely used in the control of dunes 
along the seacoast and shores of the Great Lakes is heach grass {Ammo- 
phila spp.). The European species. A, arenaria (Holland grass), has 
become established along the Pacific Coast north of San Francisco, 



Fig. 147. — Canada wild rye in Soil Conservation Service nursery. Washington. {Fhoto- 
graph hy Soil Conservation Service,') 


whereas the similar American species, A, hreviligulatai is native to the 
Atlantic Coast and the region around the Great Lakes. Both species 
are large, coarse, perennial grasses which grow rapidly from creeping 
rootstocks. They have been used extensively on both the Pacific and the 
Atlantic seaboards for stilling coastal dunes while other permanent 
vegetation is being established. Since the plants produce little or no 
seed, increase must be by vegetative propagation. 

Wild Rye Grasses {Elymus spp,). Several species of wild rye 
grasses occm from the Great Lakes to the Pacific Coast. Although gener- 
ally inferior as forage plants, they have a definite place in the conserva- 
tion program because of their ability to establish quick ground cover. 
Canada wild rye {E. canadensis. Pig. 147) and blue wild rye (JS. glaucus) are 
coarse, vigorously growing perennials which produce an abundance of 


soil conservation 

seed. Both grow rapidly and produce good ground cover. Seed must be 
produced under cultivation, since they do not occur in pure stands. Blue 
wild rye is of greatest importance in the Pacific Northwest, where it is 
useful for grazing as well as for erosion control. Beardless wild rye (£. 
triticoides) is a sod-forming grass well suited to the Pacific Northwest. 
Because of its extensive creeping rootstocks and colonizing habit of 
growth, it has excellent erosion-control value. Elymus mollis is being used 
effectively to supplement beach grass in the stabilization of sand dunes 
on the Pacific Coast. A species of lime grass recently introduced from 
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Rig. 148. — Nevada bluegrass, four selections taken from the native vegetation in 
the Pacific Northwest and growing in the Soil Conservation Service nursery at Pullman, 
Washington, (Photograph by Soil Conservation Service,) 


South Africa {E. sahulosa) appears to offer possibilities in the control of 
wind erosion because of its underground stoloniferous habit, coarse 
tough foliage, drought resistance, and adaptation to sandy soils. 

Blue Grasses (Poas,). Two of our native species of Poa deserve 
special attention: Nevada bluegrass (P. nevadensis, Fig. 148) and Sandberg 
bluegrass (P. secunda). Both are tufted perennial bunch grasses, extremely 
drought resistant and highly valuable for forage and erosion control. Since 
reproduction is by seed, range-management practices should be such that 
natural seeding can take place. Superior strains of Nevada bluegrass have 
been found through selection. Sandberg bluegrass comes up and persists 
on semidesert and rocky land where other native grasses have disap- 
peared. It withstands both trampling and vegetative competition. Be- 
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cause of early seed production, the plant is particularly useful for erosion 
control. Seeding trials, however, indicate difficulty in establishment from 
seed. 



Fig. 149. — Curley mesquite {Eilaria belangeri)^ showing tufted, stoloniferous habit 
which makes it of particular value in erosion-control work. New Mexico. (Photograph by 
Soil Conservation Service,) 

Rough-stalked meadow grass (P. trivialis) is less resistant to heat and 
drought than Kentucky bluegrass, which it resembles. It is especially 

suited to moist, shady places and distribution of galleta 

appears to be a good grass in northerly 
areas for seeding in diversion ditches 
and run oflf “disposal channels where 
some moisture is constantly present. 

Hilaria Spp. The genus Hilaria 
furnishes three perennial species, all of 
which occur in parts of Texas, New 
Mexico, and Arizona. All are valuable 
for control of erosion. Curly mesquite 
{H. belangeri, Fig. 149) has a tufted, Fig. 150. -Distribution of Galleta grass. 

stoloniferous growth habit and is highly resistant to drought and heavy 
grazing. Although it reproduces both by seed and by stolons, seed 
production is sparing except under cultivation. 
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Galleta grass (H, jamesii) (Fig. 150) has scaly rootstocks and a deep, 
tenacious root system which makes it important as a soil binder. It is 
resistant to heavy grazing, recovering rapidly under protection. Harvest- 
ing of seed is difficult because of the tendency to shatter. It germinates 
readily under range conditions, however, and the young seedlings are 
very drought-resistant and winter-hardy. It is one of the best forage 
grasses throughout its range. 

Tobosa grass (H, mutica) (Fig. 151) is a strong, tufted perennial con- 
fined chiefly to heavy soils. It does especially well in swales subject to 
occasional flooding. The new growth supplies good grazing, but it soon 
becomes woody and unpalatable. Accumulation of dead foliage furnishes 


Fig. 151. — Characteristic growth of tobosa grass (Hilana mulica) in swale near San Simon, 
Arizona. (Photograph hy Boil Conservation Service.) 

an excellent protective cover. Seed can be harvested from native stands 
although shattering readily. 

Bush Muhly {Muhlenbergia porteri). This native perennial, form- 
erly one of the dominant species on the dry mesas and foothills of the 
Southwest, has been almost eliminated from the range because of the 
excessive grazing induced by its high palatability at all seasons. Its 
extreme drought resistance and deep, wiry root system give it distinct 
advantages as an erosion-resistant plant. Although somewhat difficult to 
harvest and handle, the seed germinate readily, and the young seedlings 
are established without difficulty. A woody base is produced, and the 
plants develop wiry procumbent stems which form offsets at the nodes. 
These often take root on contact with the ground. 

Indian Rice Grass (Oryzopsis hymenoides). This tufted perennial 
grass (Fig. 152) is useful for stabilizing sandy land subject to blowing. 
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Seed are produced abundantly and are harvested easily, but they are 
hard-coated and remain dormant for a long time after planting. A strain 
is being propagated that has less pronounced seed dormancy as well as a 
larger and more vigorous growth. 

Oryzo'psis miliacea is a perennial bunch grass introduced from Europe 
and Asia. It produces thick top growth and a deep tenacious root system; 
it is resistant to drought and adapted to a variety of soils. It produces 
abundance of seed and may prove useful for soil conservation in the 
southern half of the United States. 

Vine Mesquite {Panicum ohiusum). This grass, found generally in 
western Texas, Arizona, New Mexico, and southern Colorado, makes a 


i 



Fig. 152. — Indian rice grass for seed production on tlie Soil Conservation Service 
nursery, Shiprock, New Mexico. This grass is helpful for stabilizing active sand dunes of 
low-rainfall areas. (Photograph hy Soil Conservation Service.) 


viny growth and occurs more commonly on good soils that contain more 
than the normal amount of moisture for the region. Growing rapidly, the 
creeping runners take root at the nodes, anchor themselves to the ground, 
and produce new plants to form quickly a dense soil-binding mat. Vine 
mesquite reproduces by creeping runners and rootstocks which trans- 
plant readily, as well as by seed. Its greatest value is for lining waterways 
and protecting their banks. Successful establishment for such purposes 
has been achieved by transplanting rootstocks. Seed may be harvested 
by power strippers or threshed from the hay. They usually are of low 
quality and germinate slowly. 

Switch grass (P. virgatum) is a widely distributed perennial which 
reaches its greatest usefulness in the Great Plains. It develops extensive 
rootstocks and a leafy foliage, which, if cut at the right time, makes fair 
hay. Under grazing, the excess foliage becomes tough and unpalatable. 
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If left on the ground during winter, the dead material offers protection 
against the wind and forms a natural barrier to snow and sod drifting. 
For this reason, the plant is being utilized advantageously in parts of 
the Northern Plains. 


Strains that show marked differences in resistance to insects (grass- 
hoppers) and disease (rust) are being propagated at the Soil Conservation 
Service nurseries. Seed, frequently mixed with big bluestem, Indian grass, 
and other tall grasses, may be collected by power strippers. Excellent 
yields of high-quality seed have been obtained from cultivated stands. 


Panicum antidotahy a native of the southern hemisphere, appears to 
be quite at home in the Southwest. It is drought-resistant, has spreading 


DISTRIBUTION OF ALKALI DROPSEED 



Pig. 153. — Distribution of alkali drop- 
seed grass. 


rootstocks, makes a large, rapid growth, 
and produces heavy crops of seed suit- 
able for birds. It promises to become 
useful for several conservation pur- 
poses, including planting for wind- 
breaks. 

Dropseed Grasses. Alkali Drop- 
seed (Sporobolus airoides)y because of 
its heavy foliage, deep root system, 
drought resistance, ease of harvesting 
and seeding, and wide distribution, is 
very desirable for general revegetation 


purposes, particularly on highly alkaline soils. If allowed to mature, the 


plant becomes woody and unpalatable but retains its excellent soil-hold- 


ing characteristic. Seed are easily collected from native stands or may 
be threshed from the hay (Fig. 153). 

Sand dropseed (S. cryptandrus)y an important native plant of the 
Great Plains, is commonly found on sandy soils. It is among the first 


grasses to appear naturally on unused farm land. Although not highly 
palatable, it provides effective ground cover. Seed harvested from native 
stands with strippers are often clean enough to be planted directly with 
farm equipment. A seeding rate of 2 pounds an acre has given a satisfac- 
tory cover. Scarification of the seed is necessary for best germination. 

The Needle Grasses {Stipa spp.). The needle grasses constitute 
a large group, among the more important of which are needle-and-thread 


grass (S. comata), purple needle grass (S. pulchra)^ and green needle grass 
(5. viridula). They occur generally throughout the Western States, par- 
ticularly on dry, sandy plains and foothills, where they begin growth 
early and remain green over a long period. The needle grasses find their 
greatest use for conservation purposes by virtue of their persistent 
pioneering qualities, resistance to grazing, deep fibrous root system, 
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drought resistance, and ability to produce good cover under severe 
extremes of both soil and climate. Excellent yields of seed have been 
produced under cultivation. 

The Fine-leaved Fescues (Festuca ovina and F. ruhra). In north- 
eastern United States, these fine-leaved fescues will grow under condi- 
tions of poor soil, drought, and shade that are too severe for bluegrass. 
Their use is recommended on slopes of this character or for seeding ski 
trails and other places where summer erosion may start serious gullying. 

Kiruyxj Grass {Pennisetum clandestinum) . This South African 
grass spreads by runners that root at the nodes. It has been used to a 
limited extent in southern California in guUy-control work and has proved 
valuable as a protective cover for small dams. Where adaptable, it is a 
vigorous grower and an excellent grazing grass. It will not endure frost. 

Woolly Finger Grass (Digitaria eriaritka var, stolonifera) . This is 
another South African grass introduced into the Southern States as a 
pasture plant by the Bureau of Plant Industry. Its stoloniferous habit and 
drought resistance give it distinct erosion-control value. Its use has been 
limited by the fact that it seeds very sparingly. Plants have been found, 
however, in the Soil Conservation Service nurseries at Tucson, Ariz., 
that set viable seed. This latter strain is being propagated. 

Other South African grasses that may have value are love grass 
(Eragrostis curvula) and {E, lehmanniana) , The first is a large bunch 
grass; the latter, a semicreeper. Both produce an abundance of cover and 
heavy crops of seed. Although apparently adapted to the southern half of 
the United States, they may also have, because of ease of seeding and 
rapidity of development, an important place as annuals in control of 
erosion farther north. 

Centipede Grass (Eremoahloa ophiuroides) , This creeping peren- 
nial grass, introduced from China, has been found well suited to dry 
sandy soils in the South. Although commonly thought of as a grass for 
dry sands, it has proved useful in stabilizing waterways on better soils. 
The stems lie close to the ground and root at the nodes to form a dense 
mat. Producing no seed, centipede grass must be propagated by cuttings. 
These root readily. It is limited in range by its susceptibility to cold. 

Harding Grass (Phalaris tuberosa var. stenoptera) . This grass, 
introduced from Australia, where it is more commonly known as Too- 
woomba grasSy promises to become a useful plant for controlling erosion 
in the warmer parts of the Southwest and along the Pacific Coast. It 
forms large, dense clumps with an extensive root system and produces an 
abundance of leafy foliage which remains green and suitable for grazing 
during most of the winter. It is quite resistant to drought. The large, 
plump seeds are much relished by birds. 
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Shrubs, Vines, Succulents, and Other Plants of Possible Value 

Although shrubs, vines, and herbaceous perennials do not, like grasses, 
find a place in extensive revegetation planting, many of them are useful 
in bank and gully control; some produce food acceptable to wildlife; and 
others are valuable browse plants which grow under difficult conditions. 
Some of the species studied and propagated are described below. 

Bearberuy, or Kinivikinnick, (Arctostafhylos uva-urd). This plant 
grows on a variety of soils and in exposures ranging from dense shade to 
open slopes in the Northern States and throughout the Western moun- 



PiG. 154, — Australian saltbush is useful for control of erosion on steep slopes and 
gully banlcs of southwestern United States. California. {Photograph hy Soil Conservation 
Sendee.) 


tains and foothills southward to Mexico. It forms a low-spreading bush 
3 to 6 feet in diameter from which the branches take root and become 
firmly anchored to the soil. This property makes it especially useful for 
stabilizing the soil on steep, exposed banks and gully sides. The heavy 
crops of red berries hang on all winter and px'ovide good food for game. 
Propagation is by layering. 

Southernwood (AHemisia abrotanum ) . This introduced shrub, 
which grows 3 to 5 feet high, is drought-resistant, winter-hardy, and easy 
to propagate and establish by cuttings (in the same manner as willow or 
cottonwood) . Under the severe conditions of the northern Great Plains, 
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it may provide an initial snowbreak or a component of more permanent 
windbreak plantings. 

Saltbushes {Atriplex spp,). The native, as well as a number of 
introduced, saltbushes are markedly resistant to drought and high soil 
salinity. They develop as low, compact bushes 3 to 6 feet high and often 
spread over several feet. Some species are valuable for browse. One of 
the best, particularly useful for revegetation purposes, is chamise (A. 
canescens), a native, whose seed remain viable for long periods, awaiting 
favorable conditions for germination. Atriplex nummvllaria^ the '‘old- 
man"^ saltbush introduced from Australia, has a layering habit and is 
especially promising in the protection of dry banks and control of sandy 
washes. Under such conditions, the procumbent branches take root and 
form a compact vegetative mass. 

The procumbent Australian saltbush {A. semibaccata. Tig. 154) has 
been established in parts of Arizona and along the Pacific Coast, where it 
has proved useful on steep slopes and gully banks. It is propagated from 
seed and makes a compact mass 3 to 6 inches thick and 3 to 4 feet in 
diameter the first season, indicating that it may be useful as an annual 
beyond its normal southern range. Besides having forage value, it pro- 
duces heavy crops of sweet, fleshy fruits which are greatly relished by 
birds. 

Desert Hackbebrt {Celtis pallida). The desert hackberry is a 
large, almost evergreen shrub generally found along dry washes in the 
Southwest. It is propagated by seed and has the habit of sprouting from 
the ground and forming dense thickets, which, together with its deep 
and extensive lateral root systems, makes it very effective in preventing 
erosion along washes. The plant also provides heavy crops of berries, as 
well as cover, for birds. 

Mountain Mahogany {Cercocarpus spp). Several species of this 
plant occur in the mountain regions of the West at elevations ranging 
from about 4,000 to 6,000 feet, frequently forming almost solid stands on 
mountainsides. The different species grow from 3 to IS feet high, make 
excellent browse for cattle and deer, and propagate by self -planted seed. 
The sharp, pointed seed have long spiral awns which, when alternately 
moistened and dried, bore into the ground. This characteristic makes 
mountain mahogany especially valuable for erosion control, since it 
often is difficult to establish tree and shrub transplants under the adverse 
conditions obtaining in the drier parts of the West. 

Desert Willow {Chilopsis linearis). This large, easily propagated 
and transplanted shrub or small tree, occurring mainly along washes 
throughout the warmer parts of the Southwest, succeeds under conditions 
of extreme drought and unfavorable soil. The plant has a deep taproot 
with well-branched laterals, sprouts vigorously from the stump after 
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cutting, and tends to colonize. The latter characteristic makes it especially 
effective for use along desert washes and draws and in sandblow areas. 
In addition, the wood is very durable and is prized for fence posts. 

Dogwoods {Cornus The dogwoods, varying in size from 

shrubs to small trees, succeed on almost any type of land except dry or 
alkali soil. They produce berries relished by birds, and they have a 
definite place in soil conservation. Being especially adapted to shady 
situations, a number of species, including C* florida^ C, panioulata^ C, 
asperifolia^ (7. fomina^ and 0. bailey% occur in the wild throughout the 
East and South. One of the best of the dogwoods for erosion-control 
purposes is the red-osier dogwood (C. stolonifera)^ commonly found in 
favorable locations throughout the North and westward from the Mis- 
sissippi. Its prostrate, stoloniferous-tip layering habit and its adaptation 
to exposed situations make it peculiarly suitable for gully and stream- 
bank plantings. The introduced dogwood, or cornelian cherry (C. mascula)^ 
because of its dense growth and large, edible fruit, is also a valuable 
plant for use in erosion control and wildlife plantings. All of the dog- 
woods propagate from seed, either planted or stratified in the early fall 
before drying out. The red-osier dogwood also reproduces readily from tip 
layers. 

Ephedras. Both the introduced Mahuang {E, sinica. Pig. 155) 
and the native E, viridis have deep tenacious root systems, thrive under 
conditions of severe drought, and form a low-spreading, matted growth. 
They are suitable for sandy lands and sand-blow areas. Ephedra sinica 
has withstood temperatures of 30 degrees below zero. It contains ephe- 
drine and produces heavy crops of berries that are edible by birds. Ephe- 
dra viridis has proved useful for control of soil blowing, particularly 
on the Navajo Indian reservation. It is effective in holding the soil, 
even where closely browsedv Although both species spread and propagate 
by natural layering, the simplest means of propagation is by seed. 

Winter Pat {Eurotia lanata). This small, woody perennial, dis- 
tributed from North Dakota to Arizona and California and resembling 
white sage in general appearance, is an excellent forage plant. Extremely 
hardy and drought resistant, it is one of the best plants for use in range 
re vegetation, since it can be seeded directly without the necessity of soil 
preparation. The seed come up very quickly without covering. The heavy 
production of seed is easily harvested with strippers. The forage is so 
palatable that care must be exercised to avoid destructive overgrazing. 

Apache Plume (Fallugia paradoxa). This drought-resistant, near- 
evergreen shrub, growing 3 to 6 feet high, is widely distributed in the 
Southwest, mostly at elevations of 4,000 to 6,000 feet or more, and on a 
great variety of soils. In washes, the plants bend downstream during 
floods and often become buried only to sprout up from the tops. Under- 
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ground steins resembling rhizomes or horizontal roots often sprout and 
grow into plants, thus making a tangled mass of roots and tops which is 
very effective in holding the soil. Propagation is by seed. The seedlings 
transplant readily. 

Wild Olive (F orestiera neomexicana ) . A pendulous, heavily branched 
form of this deciduous shrub, native to southwestern United States, 
has been discovered that promises to be especially valuable for stabilizing 
gully slopes. It layers naturally, making dense, widely spreading clumps 
3 to 6 feet high. Wild olive tolerates a wide variety of soils and occurs 
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food and attains a size sufficient to make fence posts. Propagation is by- 
seed sown or stratified early in the fall, before thoroughly dried. 

Badland Juniper {Juniperus horizontalis) . This most distinctly 
creeping of all the native junipers derives its special soil-binding value 
from the fact that it forms a very dense mat of tenaciously rooted 
branches. In nature, the plant grows on steep slopes under the most 
adverse soil conditions. As the name signifies, it is a truly ‘‘badland” 
plant. Although it occurs naturally mainly in the foothills of the Black 
Hills and westward into Montana, nursery trials show that it has possi- 
bilities of succeeding over a much wider range. Like most junipers, it is 
not a fast grower; but individual plants eventually attain a spread of 
10 to 20 feet in diameter, effectively covering and holding the soil. This 
splendid erosion-control characteristic, combined with extreme drought 
resistance and hardiness, suggests its special use as a permanent cover for 
steep, badly eroding banks. Although this is one of the few junipers that 
propagates readily by layers taken from older plants, for general use the 
growing of young plants from seed planted or stratified in the early fall 
before drying is preferable. 

Dune Broom {Parryella Jilifolia), This small shrub, native to the 
loose sands of northern Arizona and New Mexico, has succeeded as far 
north as North Dakota and Washington. It has a deep, widely branching 
root system and spreads by layers, making broad, dense clumps. The 
fact that the branches root as the sand piles around them enhances the 
plant’s excellent qualities for wind resistance. It propagates readily 
from seed, and the seedlings transplant easily. 

Another plant of similar habit useful on sandy lands is bitterbush 
{Purshia tridentata), which is distributed through the mountainous region 
from Oregon and Montana to Arizona and California. It has a special 
place for stabilizing sandy hillsides and gully banks. 

Sheep Bush (Pentzia incana). This extremely drought-resistant 
native of the South African desert plateau survives and reseeds under 
the semiarid range conditions of the Southwest. It also has withstood 
temperatures as low as 17 degrees below zero, which indicates its possible 
value for much of the country where prolonged droughts occur and 
where erosion is severe. It is a distinctly layering shrub, has a well- 
branched root system, and forms a dense ground cover. It becomes dor- 
mant during the dry season but revives with the first rain. It is one of the 
few useful woody perennial shrubs able to compete with such unpalatable 
species as snakeweed and rabbit brush. 

It sets heavy crops of seed. The most generally satisfactory method 
of propagation has been to seed directly during seasons of favorable 
moisture, either in the fall or in the early spring. 
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Bushmint {Poliomintha incana). The hushmint is another small 
shrub that has proved useful for holding sand dunes. Thriving on 
deep, sandy soils of the higher, colder elevations of the Southwest, the 
low, spreading plant layers readily and forms a dense surface root 
system which is very effective in stabilizing drifting sand. Its extreme 
drought resistance and winter hardiness give it a wide range of usefulness 
throughout the semiarid West, particularly since it is also valuable as a 
browse plant. Bushmint produces rather sparse quantities of seed which 
shatter shortly after ripening, thus making quantity collection rather 
difficult. This difficulty has been overcome, however, by producing the 
seed under cultivation. As the seed germinate quickly, direct seeding is 
an effective way for establishing bushmint. Nursery plants are produced 
easily and transplanted with a high percentage of survival. 

Plums and Cherries {Prunus s'pp,). In some localities, especially 
throughout the Central States and westward, some of the low-growing 
native plums and cherries are finding a special place in soil-conservation 
practices. Combined with the value of the fruit for game and human 
food, the main characteristics that make these plants useful for erosion 
control are ability to succeed under adverse soil and drought conditions 
and capacity for holding the soil, especially in sand-blow areas. The 
low, heavily branching growth habit and the readiness with which the 
plants are established, either by layering or by sprouting, make them 
peculiarly adaptable for holding loose sand. 

Among the more erosion-resistant of these stone fruits are; the 
heach plum (P. maritima)^ common along the sandy seashores of the 
North Atlantic Coast and adaptable to the Central States and farther 
west; the sand plum (P. angustifolia var. watso7ii)^ conspicuous in the dry 
sandy areas of northwest Texas and New Mexico; the sand cherry (P. 
pumila)^ native among the sand dunes about the Great Lakes and 
adaptable to the country much farther west; and the Western sand cherry 
(P. besseyi) . The Western sand cherry is especially valuable in that it is 
distinctly prostrate, layering in habit, and succeeds well under the trying 
conditions of the Great Plains. Here also the Rocky Mountain chohecherry 
(P. melanoearpa)y because of its drought resistance, hardiness, and 
profuse sprouting habit, is very useful in preventing sand blowing. 

Sumacs {Rhus spp.). Sumacs occur generally throughout the United 
States, the different species growing into small or large shrubs, or, as 
with P. copallina, P. typhina^ P. ovata, and P. sempervirens, even to small 
trees. Some of the forms are found in shady or moist situations, whereas 
others, more especially P. trilobata, P. laurina, and P. microphyllai suc- 
ceed under extremely dry conditions. The wide soil and climatic adapta- 
tions of the sumacs, together with their more or less thicket-forming 
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habit, ramifying root system, and ability to produce heavy crops of 
berries for birds, make them particularly suitable for use in erosion- 
control practices. The smooth sumac {R. glabra) and mountain sumac 



Pig. 156. — Japanese trailing raspberry (Rubus parmfolius). Washington. {Photograph by 

Soil Conservation Service,) 


{R. copallina) are most commonly used throughout the Eastern States, 
and the more drought-resistant lemonade berry (R. trilobata) is better 
adapted in the West. The latter is widely distributed under very adverse 
conditions of soil and exposure, being equally at home on sand dunes. 




FARM PLANTS USEFtTL FOR EROSION CONTROL 415 


gravelly hillsides, and dry washes. Spreading by means of suckers, it 
frequently forms dense clumps S to 6 feet high and 10 to ^0 feet in 
diameter. Most of the sumacs can be propagated from suckers, but the 
simplest method is from seed, cleaned and planted soon after collection or 
stratified in the fall and planted the following spring. 

Black Locust (Robinia pseudoacacia). The black locust is used 
extensively for erosion control, in gullies as well as on eroding slopes. An 
especially superior strain is the sliipmasV locust. The latter’s upright 
habit of growth, durability of wood, and apparent resistance to the locust 
borer make it especially desirable. It is seedless and must be propagated 
by root cuttings obtained from the younger wood. 

Raspberry {Ruhus spp.). Blackberries, dewberries, and rasp- 
berries are useful for gully control, bank protection, and hillside planting. 
Most of them are subject to disease and insect pests, but an immune 
form has been found in the Japanese trailing raspberry (R. parvifolius, 
Fig. 156), brought to the United States by P. H, Dorsett of the Bureau 
of Plant Industry in 1929. Selections of this layering trailer have proved 
resistant to all known insect and disease pests. The fruit is an excellent 
bird food and is fairly good for human consumption. These selections 
have good soil-binding qualities, wide climatic and soil adaptations, 
and are easily propagated by seed, tip layering, and root cuttings. 

Sand-bar Willow (Salix exigua). Sand-bar willow has proved 
useful in the Southwest for control of guUies and washes subject to occa- 
sional heavy flooding. It is a drought-resistant, fast-growing willow of 
brush type, forming dense thickets from a widely branching root system 
which sprouts prolifically. Planted at the base of gullies and above check 
dams, cuttings of this species very quickly form effective erosion barriers. 

Buffalo Berry (Shepherdia spp.). Two of the native buffalo 
berries, ^S. canadensis and S. argentea, by reason of their resistance to 
extreme cold and drought, colonizing habit, and fruit production, have 
proved helpful in soil conservation work, particularly in the colder parts 
of the West. The fruit is useful for birds and human beings. Shepherdia 
canadensis^ which forms a spreading, twiggy bush 3 to 8 feet tall, and S. 
argentea (bullberry or silver leaf), which attains a height of 10 to 15 feet, 
are both useful in sod conservation. These plants are propagated readily 
from seed. 

J o JOBA, Goat-nut (Simmondsia chinensis) . This compact evergreen 
shrub and good browse plant is found in the foothills of southern Arizona 
and California at elevations between 2,000 and 4,000 feet. The seed (or 
“nuts”), containmg almost 50 per cent oil, are relished by sheep, goats, 
mule deer, and squirrels. The plant is drought-resistant but grows slowly 
and does not transplant readily. It has a place for erosion control along 
gullies and on steep rocky slopes within its range of adaptability. 
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Snowberry {Symphoricarpos spp.). The snowberry, locally known 
as btickbrush, waxberry, or wolfberry, is native throughout the United 
States. It is a small shrub, more or less procumbent in habit of growth; 
it suckers freely, layers readily, develops a compact root system, and 
colonizes to form dense masses of vegetation. This combination of 
favorable characteristics gives it high rank as an erosion-control plant. 
The common Eastern form (S. orbiculatus) occurs usually on shaded hill- 
sides and along small drainages where moisture conditions are favorable. 
The Western species, widely represented by S. racemosus, S. occidentalism 
S. oreophilus, and S. utahensis, are much more drought-resistant. An 
added quality of both types is the fact that they produce heavy crops of 
berries edible by birds, the Eastern form red and the Western white. 
Based on their natural characteristics and adaptations, all the species are 
especially useful for gully and hillside plantings. 

Lilac (Syringa vulgaris). This hardy plant withstands extremes of 
heat, cold, and drought and for this reason has a special place in the 
composition of windbreaks. 

Lonicera Alberti. This native of the dry, colder parts of Turkestan 
is a small, drought-resistant spreading shrub. Its arching, procumbent 
branches layer readily and form a compact mass. It has promise for the 
northern Great Plains. 

Buckthorn {Sageretia wrightii). This is a low, spreading shrub of 
procumbent, layering habit, native to the foothills of Arizona and the 
country eastward into western Texas. It makes a tangled mass of vegeta- 
tion on dry, rocky situations and may be useful for stabilization of gullies 
and steep hillsides. It produces an abundance of sweetly flavored berries 
edible to birds. 

Cedar or Thuja. This is a special type of the Chinese arborvitae 
{Thuja orientalis) which is fast-growing, drought-hardy, and capable of 
maintaining itself in a windbreak planting under very adverse condi- 
tions. It is easy to propagate and more promising than other species 
of Thuja. 

Asparagus {Asparagus officinalis). This plant, with its persistent 
woody crown, tenacious root system, and ability to endure drought and 
alkali, has proved an effective soil binder of particular value in gully 
plantings and for protection of banks. 

Morton's Milk Vetch {Astragalus mortoni). A native of the 
Pacific Northwest, this vetch spreads by underground rootstocks and 
grows on a variety of soils under conditions of scanty moisture. It may 
fit into cropping systems planned for control of erosion in low-rainfall 
areas. A. rubyi, a native of western Montana, produces good ground 
cover on alkali land. The growth is prostrate, and volunteer seedlings 
serve to thicken the stand. The plant has a high forage value. 
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Crown Vetch (Coronilla varia), A perennial legume from Europe, 
crown vetch has a trailing, compact habit of growth and a tenacious 
root system. It has escaped from cultivation in the northern and eastern 
parts of the United States and is well suited for protection of gullies and 
steep embankments. 

Euryops multifidus. This herbaceous perennial composite from 
South Africa offers promise for erosion-control purposes in the warmer, 
drier parts of the Southwest. Producing woody crowns and spreading 
procumbent stems, £ to 3 feet high, it survives severe drought and 
reseeds naturally. It may have special value for range revegetation pur- 
poses. It makes good browse, and the flowers attract bees in large 
numbers. 

Ice Plant {Mesembryanthemum roseum). A native of South Africa, 
ice plant is a fast-growing, trailing succulent, which furnishes good 
ground cover for dry, exposed sites of the Pacific Coast where it is diffi- 
cult to establish other vegetation. It is especially useful on road banks 
and terraces. Various strains or varieties are used in California for pro- 
tection of roadside banks. 

Bird’s-foot Trefoil {Lotus corniculatus) , A strain of this species, 
found in New York State, appears particularly promising for control of 
erosion in pastures. The plants are low-growing, have a heavy root 
system, and produce good cover. The species is a good seed producer 
and apparently is adapted to poor, eroded soils where clovers do not 
succeed. 

Alfilaria {Erodium cicutarium) . This winter annual from the 
Mediterranean region is well distributed in the Southwest and is useful 
even in southern Oregon and Washington. The seed germinate with the 
first fall rains, and the plants make an effective ground cover. Because 
the seeds bore into the ground, it is possible to establish the plant on 
rough, badly eroded land without disturbing the soil. Seed may be 
swept up in early spring after the plant debris has been cleared away. It 
should be planted in early summer without cleaning, since this would 
break off the awns and prevent the seed from boring into the soil. 

Weeds 

Although weedy vegetation should be replaced wherever possible by 
more desirable plants, weeds often occupy a useful place in the control 
of erosion, especially as volunteer cover on abandoned and temporarily 
idle land. From the standpoint of soil conservation, it is better to have 
ground cover even with weeds than to have no cover at all. As a matter 
of fact, man has not had much choice about the spread of weeds over 
untilled, neglected land. Nature rather effectively attends to this. 



418 


SOIL CONSEBVATION 


Throughout the country, great areas of formerly used, erodible land 
are now covered with weeds. Some of this is well protected; other areas 
are partially protected; and most of the land is more stable than if no 
cover were present. Scores of plants, known as weeds, enter into this far- 
reaching cover of volimteer vegetation: goldenrod, ragweed, poverty 
grass, rabbit brush, snakeweed, wild oats, cheat, Russian thistle, crab 
grass, and hosts of others. Many of the weeds are objectionable of course; 
some are not particularly harmful; and others are of great service in their 
proper place. Russian thistle, for example, is of much value as a protec- 
tive volunteer growth on land subject to wind erosion in the Great Plains 
and other Western areas, even though it spreads some hay-fever pollen and 
is a host to the beet leaf hopper. Wild sunflowers are sometimes seeded 
with good effects in regions of low-rainfall as an aid in restoring grass 
to wind-whipped soil. Crab grass, although its control calls for hard labor 
in cotton, corn, and tobacco fields, provides considerable protection 
for the fields after the last cultivation and produces some fair hay in 
the Southeastern States. Other weeds tend to crowd out grass from 
pastures and range, especially where heavily grazed; and still others, 
following overgrazing, are poisonous to livestock. Experience indicates, 
however, that the use of sound conservation measures tends to favor 
the better grazing plants at the expense of those of less favorable char- 
acteristics, particularly in many parts of the West. 

Ragweed, one of the major sources of hay-fever pollen, pioneers idle 
fields, fields in stubble, and abandoned areas in great profusion over a 
large portion of the United States, but it retreats rapidly under com- 
petition with other plants, including weeds. It is one of those weeds 
which, regardless of its ability to grow on very poor land and of any 
temporary conservation benefit performed, should be kept under control 
wherever possible, along with poisonous plants and other extra-noxious 
weeds. 

One plant which has been extensively used in erosion-control opera- 
tions, common Japanese honeysuckle, can cause much trouble if not 
handled with caution. Because of its spreading and twining character- 
istics, it can do much damage among other plants, even woodland 
growth, especially by smothering or deforming the smaller plants. 





Chapter XVIII. The Place of Forestry 
in Soil and Water Conservation 


When Columbus discovered America, forests covered most of the 
eastern part of the continent. East of the Central Prairie region (see 
Problem Area map, ‘'Results of Erosion,’’ Chap. Ill, Part 1), with the 
exception of some relatively large bodies of prairie in what is now Indiana 
and Illinois and smaller areas in the sections now known as Alabama and 
Louisiana, all was comparatively unbroken forest. The first task of the 
pioneers was to convert some of this forest land to agricultural use. Each 
succeeding generation applied itself diligently to this task until the point 
was reached several decades ago when the process should have been 
reversed. 

The report of the Chief of the Forest Service for the fiscal year 1937 
gives the total forest area of the United States at 615 million acres 
(Fig. 157) . This is divided as follows : 


Million Acres Per Cent 


Publicly owned forests 

180 

29.3 

Private forests 



Farm woodlands 

185 

30 

Other than farm woodlands 

^50 

40.7 


The 185 million acres classified as farm woodlands is composed of many 
thousands of individual patches and relatively large bodies of woods. 
These little farm forests comprise almost a third of the entire forested 
area of the United States and represent more than 17 per cent of the 
total area of farm land. In the New England States very nearly half 
of the agricultural lands, an average of 48 acres per farm, is wooded. In 
the Ohio River Valley one-sixth of the farm land is forested. In the 
Southern States two-fifths of each farm is wooded. 

Publicly owned forests generally are carefully guarded in order to 
provide protection from destruction by fire, and grazing is carefully con- 
trolled. Such protection and control safeguard the land against erosion. 
Forests, thus managed, contribute to the maintenance of stream flows 
and provide considerable protection from flood. From the standpoint of 
national welfare, it is important that these public forests be maintained 
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and protected. The 250 million acres of private forests, other than farm 
woodlands, include most of what may be called the commercial forests. 
This vast area is only slightly less important than public forests in its 
relation to the stabilization of stream flow and protection against floods. 
It is relatively less important only because private forests generally 
occupy lower lands and gentler slopes. Such forests are, nevertheless, a 
major factor in relation to the general land and water economy of the 
nation. For this reason, it should not be too much to expect that in the 
course of the next 50 years the majority of these lands will be well cared 
for, either directly by the owners or indirectly through public regulation. 



Fio, 157. — The total forested area of the United Slates amounts to approximately 32 per 
cent of the total land area. {Forest ServicOy U. S. Department of Agriculture.) 

The 185 million acres of farm woodland are also a matter of particular 
concern, not only because the trees can and do play an important part in 
farm economy, but because farm woodland, properly handled, can make a 
substantial contribution to control of erosion and diminution of the flood 
hazard. Unfortunately, silviculture has not been fully recognized as a 
branch of agriculture; and partly for that reason, farm forestry generally 
has occupied a sort of marginal position in American agriculture. Too 
frequently, farm woodland has not been considered a productive unit 
of the farm enterprise, and income derived from it has been considered 
incidental and unusual. Any consideration of the fact that from 20 to 
50 per cent of most farms in eastern United States is covered with woods 
of some sort should be sufficient to convince anyone of the importance 
of making this large area more productive than it is or has been in 
the agricultural past. 
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Forests Control Soil Erosion 

The capacity of trees to reclothe worn-out land is proved by the 
forests that have grown to maturity on what was once cropland (Pig. 
158). Throughout many of the Eastern States, old stone fences can be 
found in the midst of newly grown forests. Once they marked the bound- 
aries of cultivated fields. Now, corn rows still can be distinguished in the 
dense second growth covering some of these old fields. Even wild apple 
trees, descendants of farmers’ orchards, sometimes are stumbled upon 
as one travels through such woodlands. 



doned because of soil impoverishment, as on this Georgia hillside. (Photograph hy TJ, 8. 
Forest Service.) 


In a good forest the treetops usually are close enough to touch and 
form a closed canopy; and frequently small trees, shrubs, and other forms 
of lesser vegetation make up a thin or thick undergrowth. Anything less 
is not first-class forest and is not likely to provide such good protection 
for the land beneath. 

The leaves, twigs, branches, and stems of a forest expose innumerable 
little surfaces, aggregating, under good conditions, an area several times 
greater than that of the ground beneath. This loosely thatched roof, often 
100 feet or more in thickness, is the first line of protection against soil 
erosion and excessive runoff. Driving rains beat upon this roof; the rain- 
drops spatter, and the water slips gently down the stems or drips inter- 
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mittently to the ground. As much as i inch of rainfall may be completely 
intercepted by this intervening thatch. Part of this intercepted water is 
lost by evaporation and so never reaches the ground. 

The main forest bulwarks against erosion and runoff, however, are 
still lower down. Covering the forest floor is a blanket of woods litter — a 
mass of leaves, twigs, and fragments of bark, in various stages of dis- 
integration (Fig. 159). It is not always a smooth blanket, for beneath it 
is an endless series of little depressions. These catch part of the water 
that penetrates the thatched roof overhead and restrain much of it from 
running away. The blanket performs a double function — that of absorbing 



Fig. 159. — ^The principal forest bulwark against erosion is the litter and mold covering tbe 
ground. {Photogra'pli by Soil Conservation Service^ 1936.) 


part of the water and like a sieve directing the remainder downward to 
filter slowly to the soil beneath. This all-important blanket of vegetative 
material exerts a powerful influence on the soil in several ways, making it 
more permeable to water (Fig. 160). The surface of the soil is kept moist 
and absorbent, even in winter when exposed soil is deeply frozen. The 
litter aiid humus form the principal habitat for a vast population of 
organisms important to soil building and conditioning. From the stand- 
point of soil protection, this covering of the forest floor is the most 
effective element of the forest complex. Here is the gateway to water 
storage in soil and underground channels. Its function is to filter water, 
keep it clear, and so keep it moving downward into the soil. Muddy water, 
such as gathers on bare surfaces, clogs the channels, slows infiltration, 
and changes beneficial percolation to harmful runoff. 
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In any system of sound land use, it is essential that excessively steep 
slopes, such as usually prevail about the headwaters of numerous streams, 
be kept in some dense cover, preferably forests or grass. Trees make the 



Pig. 161. — End view of a Nebraska windbreak. These shelters of hardy trees and 
shrubs protect adjacent land from soil blowing, protect livestock, and make homes of tree- 
less areas more livable, (Photograph by Soil Conservation Service^ 1937.) 


most effective cover for vast areas of mountain and hill country, where it 
is not easy to establish and maintain an adequate cover of grass. The 
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contrary is true, of course, with respect to the use of grass in those areas 
not climatically suited to rapid tree growth. Combinations of trees and 
grass, as well as combinations of trees and shrubs, have important places 
for special conditions in the control of runoff and erosion. 
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FARM AREA -160 ACRES 

FIELD WINDBREAK 5 RODS WIDE 

'•■***='“’'*^‘**^ SHRUB BUFFER STRIPS SINGLE ROW 

GRASS AND ALFALFA BUFFER STRIPS 

INTERVENING AREAS - FIELDS CULTIVATED ON THE CONTOUR 

Fig. 162 . — Soil-conservation plan of a North Dakota farm, showing how plantings of 
adaptable trees and shrubs are utilized. {Soil Conservation Service,) 

Under conditions of low rainfall, a number of hardy trees and shrubs 
have proved successful in windbreak plantings. Such plantings are 
valuable not only from the standpoint of their utility but for their effect 
in making farm homes of treeless areas more livable and more comfortable 
in times of climatic extremes (Figs. 161, 162, 163). 

Tree Planting 

Successful planting of trees, even on a small scale, is seldom a simple 
matter. The first, and probably most important, step is the selection of 
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adaptable trees for particular sites. Correct determination of the species, 
size of stock, and cultural practices to be used is basic to successful 
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A representative five rod plains states wind break. 


Fig. 163. — Successful windbreaks for tbe Great Plains need outside rows of shrubs to 
cut off ,ground wind, and taller trees in the center, to deflect above-ground wind. (Scnl 
Conservation Service,) 

afforestation. It frequently is necessary to plant, at first, species that may 
not ultimately occupy the areas to be protected. Unless cultural treatment 
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promises to ameliorate quickly the adverse site conditions, a hardy species 
better suited to the prevailing conditions should be selected. Such local 
factors as elevation, exposure, quantity and distribution of rainfall, 
intensity and duration of sunlight, and intensity, constancy, and direction 
of the winds must be duly considered. Conditions of soil and erosion also 
must be given similar consideration. An understanding of the local 
indigenous flora frequently offers a useful guide. Where the site has been 
markedly disturbed by forestry or agricultural operations or by fire, 
remnants of the natural vegetation may be found in protected places, 
which afford visible evidence of the primitive plant association and 
often constitute the nucleus from which vegetation spreads to reclothe 
the affected area. This new vegetation, like the old, struggling against 
unfavorable conditions, frequently overcomes them and gradually 
reacquires the characteristic form of the original stand. Careful observa- 
tion of these changes and conditions often affords an excellent basis for 
evaluating sites and selecting the trees best suited for plantings. 

Such studies may, of course, show that the altered soil conditions 
caused by man’s interference with the site have resulted in a marked 
degradation of the site, under which circumstances it would be a serious 
error to attempt to establish immediately the same species that once 
thrived in the locality. 

Not only have the trees of such depleted areas been destroyed, but the 
shrubs and perennials as well. The problem of proper reforestation, there- 
fore, may involve reestablishment of the entire flora, beginning with 
those plants that will lay down an essential ground cover of organic litter 
and mold. This would require the successful planting of those pioneer 
species which aid in preparing the land for a higher type of forest. 

Every climatic zone has in its flora at least one species suitable as 
temporary or preliminary vegetative cover, even on poor land. Among the 
shrubs, the number of species is generally larger than among trees. Often 
the most adaptable species for conditioning the site have little commercial 
value. 

As already indicated, it is frequently possible to overcome adverse site 
conditions by proper preparation of the soil. In some places where 
erosion has so impoverished the land that only worthless kinds of vegeta- 
tion will grow, the landowner is neither satisfied to plant species without 
economic value nor willing to wait on the slow process of natural rehabili- 
tation. It therefore becomes necessary to prepare the land for immediate 
planting by cultivation, mulching, fertilization, or other means. 

Hardwoods or broadleaf trees generally must have either a better site 
or more careful preparation for planting and better care afterward than 
coniferous trees. The native pines of the South, for example, will grow on 
severely eroded land with little or no preparation of the soil and without 
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subsequent care other than protection from fire and grazing. If black 
locust is desired for fence posts, however, preparation of the soil is 
generally needed, and even cultivation and fertilization of the trees during 
the first two or three years after planting. 

As a rule, the more adverse the site the greater is the need for prepara- 
tion for planting and frequently for attention after planting, especially with 
broadleaf trees. Adaptable trees, for example, can be grown in the more 
favorable situations of low-rainfall areas, such as the Great Plains, but 
real success depends on careful preparation of the land to be planted and 
later cultivation. Here the land generally should be plowed and contour- 
listed or basin-listed and carefully tilled to conserve rainfall and prevent 
weed growth for a year in advance of planting; and subsoiling may be 
needed in the tree rows. After planting, both trees and shrubs may require 
cultivation or weeding for several years or until the growth becomes too 
dense for the use of machinery. 

On areas of erosion-exposed raw subsoil, it frequently is impossible to 
get trees or shrubs started satisfactorily without covering the surface with 
a mulch of such vegetative material as straw, forest litter, rotted hay, or 
barnyard manure. Where soil and topographic conditions permit, plowing 
under a legume cover crop is one of the best methods of soil preparation. 
On thin land, even the planting of pines is a good first-step measure of soil 
preparation for hardwoods. The mat of needles accumulating when fire 
is kept out gradually conditions the soil for the broadleaf trees. In the East, 
such hardwoods as oak, maple, beech, hickory, dogwood, and gum will 
gradually intermix with or even replace the pines. 

Preparation for Gijlly Planting-. Preparation for planting gullies 
frequently requires the building of temporary dams in the bottoms to 
catch enough silt to get the trees started. Bank sloping is often advisable 
along steep-sided gullies ; and in many instances, water must be diverted 
from the heads before any success can be attained with plantings in the 
gully itself. 

Nurseries. The Soil Conservation Service maintains a series of 
nurseries throughout the United States, with a productive capacity of 
between 150 and 200 million trees and shrubs. These seedlings are used in 
connection with the national program of soil and water conservation in 
which the Service is engaged. Additional millions of trees are being 
produced in Forest Service and state nurseries and in commercial 
nurseries. 

The experience of the Soil Conservation Service has shown that much 
more farm land, both cultivated and uncultivated, should be restored to 
forest than previously had been suspected. On the basis of detailed farm 
surveys made in connection with the erosion-control program, it is esti- 
mated that approximately 50 million acres of land now in farms should be 
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planted to trees and shrubs in order to protect it from erosion, conserve 
rainfall, produce wood supplies, and benefit wildlife. If this work is to be 
carried out, about two billion trees and shrubs will be required annually 
over a period of 25 years. 

Because of the risks in handling planting stock— in taking the young 
trees from the soil, bundling, heeling in, and transportation — foresters 
agree that better results are had where the seedlings are obtained near the 
planting site. This reduces the rehandlings and the danger of losses from 
overheating, drying out, spread of disease, and other unfavorable results 
of handling. Farmers who can go into near-by woods and collect acorns or 
nuts or wild planting stock for immediate use on their lands will be able 
to meet part or all of their needs. 

Planting and Maintenance. From the heel-in bed to planting site 
and the actual setting out of the seedlings, every care must be taken to 
move the work along according to a well-planned schedule, step by step, 
and with proper technique (Fig. 164) until the trees are in the ground. 
The difference between good planting and poor planting is often the 
difference between the success or failure of the operation. Large plantings, 
therefore, require the assembling of labor, the training of men, and 
adequate arrangements for transportation. 

The time of planting is probably one of the most, if not the most, 
important factors in the survival of trees. Throughout most of the United 
States, the planting season is limited to a few weeks in the spring. It begins 
as soon as the frost is out of the ground and the danger of freezing is past. 
The sooner the trees are in the ground under these conditions the better 
the chance for success. 

The spacing of trees ranges from 1-foot intervals (in both directions), 
as in the planting of willows along stream banks, to as much as 10 or 12 
feet where natural growth may be expected to fill the gaps. Usually about 
6 by 6 feet is considered standard spacing. Under conditions where the 
establishment of a quick cover is needed, the spacing frequently is 
4 by 4 feet; and with shrubs, 2 by 2 feet. A certain amount of site 
preparation may be done at the time trees are planted, such as scalping, 
or removal, of the sod or other vegetation over a space usually about 
18 to 24 inches square. 

After planting, protection from fire and grazing must be provided. 
The safeguarding of large forest plantings from fire may require the 
construction of fire lines and patrol during dry seasons. Protection from 
stock may require either herding of the animals or their exclusion by 
fencing. Occasionally, artificial shading is necessary, as under the adverse 
conditions of semiarid climate or where the trees are of unusual value. 

After the first year, some replanting is usually necessary because of the 
failure of some of the seedlings. Experience of the Soil Conservation 
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Service indicates that, on the average, failure of survival may be expected 
to require replanting about 15 per cent of the original number of trees 
set out. 

In rare instances, watering of individual trees is necessary. Thinning of 
stands is a cultural operation which comes considerably later than other 
maintenance measures. Ordinarily, it is not considered practicable to thin 
stands until the trees are pole size or large enough to yield some fuel wood 
or fence posts. The need for thinning in young stands is usually indicated 
by a general slowing up of the rate of growth, particularly in diameter. 
Growth can be determined readily by cutting a few trees to determine the 
relative width between the annual growth rings. If the distance between 



Pig. 164. — Men must be trained to plant trees properly. The difference between good 
planting and poor planting is often the difference between success and failure. West Virginia. 
{Photograph by Soil Conservation Service.') 


the outer rings is about the same as or greater than that between the inner 
rings, the tree is still maintaining good growth. If it is found that the 
width of the inter-ring spaces is narrower toward the bark, then growth 
is slowing down, and the trees need more space. 

It is sometimes necessary to remove the lower branches of growing 
trees in order that clear wood may be produced. Ordinarily, density of 
stand aids in natural pruning; but if the lower branches persist and are 
not removed artificially, many valuable species will not yield a high-grade 
product. Only those more promising trees should be pruned — those which 
are growing fastest and have the best form. Ordinarily, not more than 
150 crop trees per acre should be selected for pruning. Trees over 8 inches 
in diameter generally should not be pruned. 
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For best results in. pruning, the branches should be removed with a 
saw operated as close to the trunk as possible. New wood grows over such 
a cut very rapidly, with the result that more clear wood is produced. The 
height of pruning should not exceed the length of clear wood desired. 
Pruning up to 16 to 20 feet will give one clear high-grade log. The cost of 
such work must be justified by the increased income from logs of higher 
quality. 

Management of Farm Woodlands 

The greatest enemy of forests is fire. Fire destroys the forest litter and 
young trees; it often kills even the larger trees. Frequently, if trees are not 
killed, they are scarred and made more susceptible to insect attack and 



JFig. 165. — Forest rejuvenation as a result of fencing against grazing. Ohio. (Photograph 

by Soil Conservation Service.) 

disease. The forest canopy is thinned, and the soil often exposed to 
erosion. Severe forest fires frequently destroy all the trees. 

Continued grazing of farm woodland usually results in some degree of 
damage, frequently severe damage. A good fence to keep domestic 
animals out of the woods is one of the best forms of forest insurance 
(Fig. 165). Since livestock browse young trees, both hardwoods and 
conifers, grazing not only injures or destroys young trees and practically 
all the undergrowth but frequently leads to injury or destruction of many 
of the large trees. Grazing of woodland tends to impair or destroy forest 
litter, and this, in turn, reduces infiltration, speeds up runoff, and lowers 
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the productivity of the forest. Investigations by the Ohio Agricultural 
Experiment Station^ show that for the sites studied, open pasture produces 
two and one-half times more grass and that its nutritive value is ^0 to 
60 per cent greater than woods grass. Woodland grazing usually yields 
relatively poor returns in pounds of meat and at the same time damages 
the forest. 

One of the important phases of the forestry job in connection with 
control of erosion is to convince the farmer of the value of his farm woods. 
When farmers come to see the value of protecting their woodlands from 
fire, grazing, and neglect, they usually set about the job of preventing 
abuse and building up the woods. Generally, they need some technical 
help; but once convinced of the benefits to be derived from protection, 
they are likely to accomplish a good deal on their own initiative. 

Valije of Farm Forests. Millions of board feet of lumber are 
utilized every year in the construction and maintenance of farm buildings. 
The agricultural enterprise of the nation makes use of millions of posts 
annually in the maintenance of fences. Wood, the chief fuel on the farm, is 
used in nearly all parts of the country. Many other forest products are 
used, poles, stakes, braces, logs, fence rails, handles, and wood for curing 
tobacco and processing syrups. 

Good farm woodlands create a favorable habitat for many kinds of 
wildlife. A burned or closely grazed woods offers little cover and almost 
no food for wildlife. 

Where farm woodlands produce more than is required for the farm 
needs, the surplus often can be marketed to advantage. Moreover, many 
farms offer excellent opportunity for development of woodlands to the 
point of producing wood materials for sale, as cash crops are produced. 
On numerous farms, properly managed woodland is producing net annual 
returns in stumpage of $1 to $4 per acre, exclusive of labor returns. 

By selective cutting, forests that are properly cared for generally can 
be maintained on a permanently productive basis. Under modern silvicul- 
tural practice, a variety of species and sizes of trees should be maintained. 
Farm needs for posts, poles, fuel, and rough lumber should be supplied 
by cutting defective, poorly formed, slow-growing trees and those species 
which make up more of the stand than is required in a desirable mixture. 
By constantly selecting the poorest trees for home use, cutting only 
mature trees of good quality for market, and by taking every precaution 
to hold the quantity removed equal to or less than the quantity grown in 
the same period, even a badly neglected woodland generally can be built 
up gradually to at least a fair condition of productivity. The growing 
stock in the woods must be built up in a way something like that of the 

^ Welton, F. A., and Morris, V. H. Woodland Pasture, OMo Agr. Exper. Sta. Bi-monthly 
Bull, Vol 14 , No. 1 , 1929 . 
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stockman who improves his herd by selective removals and replacements. 
In a forest, there is no objection, generally, to the presence of tall, straight 
trees of high value for saw logs, even if they are 80 to 100 years old, 
provided the undergrowth contains trees of all ages. By cutting only those 
trees that are ripe for the market, together with the wood needed on the 
farm, an annual or periodic income can be obtained. Cuttings at relatively 
short intervals are conducive to good forest growth. 

Best results are obtained from farm woodlands where a good manage- 
ment plan for maintenance and marketing is followed. Development of 
such a plan requires, first, a determination of the amount of wood mate- 
rial that can be removed, based on rate of growth, and then a division of 



Fig. 166. — Demonstration of selective cutting in a Pennsylvania farm woodlot. {Fhotch 
graph by Scdl Conservation Service,) 


the woodland into blocks or parcels suitable for rotation cutting. If five 
blocks, or areas, are established, each would be selectively cut, under such 
a system, once every 5 years. 

In its cooperative work with farmers, the Soil Conservation Service 
follows a simple procedure of education and the application of practicable 
silvicultural measures. Where practicable and needed, a stockproof fence 
is built. Applicable measures for protection against fire are provided, such 
as the establishment of fire lines and the most advantageous system of 
disposing of slash. In severely eroded localities, it may be entirely prac- 
ticable to utilize the slash, or part of it, for gully-control purposes or for 
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mulching raw subsoil areas as an aid to reestablishment of trees or other 
forms of vegetative cover. 

In order to arouse farmers’ interest and action, practical foresters must 
work with them — plan and help to install adaptable systems for planting, 
fire protection, cutting, disposal of slash, etc. Furnishing technical advice 
and aid has proved the most effective means for arousing interest and, in 
some localities, the only means of getting action (Fig. 166). 

Unfortunately, some element of the pioneer farmer’s philosophy that a 
piece of woods was something in the way of farm progress still persists in 
some localities. Even where cutting is not conducted with the idea of 
bringing the land immediately into cultivation or into use for grazing, it 
frequently involves some purpose connected with farming operations 
rather than with woodland improvement. These concepts must be changed 
before the farmer can understand the full advantages of forest manage- 
ment. Since agricultural practice has long been governed by a "'ground- 
line” philosophy which calls for the complete removal of crops above the 
ground surface and which relies for the next crop on seeding or reproduc- 
tion from roots, it is not surprising to find that many farm woods consist 
of trees that have come from sprouts {coppice woods ) . Coppice woods are 
produced by clean cutting, just as a crop of asparagus springs from the 
roots, following previous cuttings. The difference is that the asparagus 
yields satisfactorily under the system, whereas sprout trees generally are 
of unsatisfactory quality. Fortunately, in the farm forestry demonstration 
projects, it has been possible to change this viewpoint along the lines 
indicated. The fundamental concept and policy of the Soil Conservation 
Service that, in so far as practicable and economically feasible, every acre 
of land must be treated in accordance with its needs and adaptabilities 
have aided greatly in educating farmers with respect to the value of good 
forest for protecting highly erodible land. Having gained this much, it is 
proving much easier to induce farmers to go ahead with good forestry 
practice. When the ugly scars of erosion are effaced with trees, when 
excessive runoff from critical slopes is stopped, when wildlife comes back 
as the result of forest plantings or forest upkeep, most farmers feel 
compensated for these advantages alone. Subsequently, when products 
for sale begin to mature in the wooded areas, and better crops are pro- 
duced on land protected by the trees, it generally may be considered, 
according to the experience of the Service, that the average farmer is then 
definitely won over to a sound farm forestry program. 





Chapter XIX. Contouring 


Contouring refers to any tillage practice or mechanical treatment of 
range, pasture, cultivated, or other class of land, applied across the slope 
on the level, that is, on the contour. Over most of the United States, it has 
been customary to apply the various tillage practices in straight lines 
approximately parallel to field boundaries, regardless of the direction of 
slope. In contrast, contour cultivation disregards field boundaries and 
straight lines completely, following curved lines whenever necessary to 
stay on the level. 

In regions of low rainfall, the primary purpose of contour farming is to 
provide maximum conservation and distribution of rainfall; in humid 
regions, on the other hand, the primary purpose is to reduce soil loss by 
erosion. The objectives in both instances are obtained in precisely the 
same way. The furrows or ridges developed on the level by contour 
tillage operations catch and hold the water, or part of it, in such manner 
as to store it in the soil, thus reducing runoff and erosion and bringing 
about a more uniform distribution of moisture. 

Contour farming has other advantages. Among the most important is 
the saving in power and time. Results of tests conducted at Manhattan 
and Hays, Kans., >show that for the areas on which the measurements 
were made, tractor cultivation on the contour is 12,8 per cent faster and 
9.4 per cent more efficient with respect to fuel consumption (Table 84). 
In general practice, these results would vary considerably, depending 
on the slope, kind of soil, and time consumed in turning the tractor 
because of the short rows usually caused by contour tillage. 

Contour farming has been practiced in various parts of the world for 
hundreds of years. In the United States, contour cultivation was prac- 
ticed in some localities more than a century ago (see Chap. XL, Part 2). 
It has been most extensively employed in the Southeastern States, where 
the use of hillside ditching and terracing probably encouraged its develop- 
ment. Outside this area, the practice still is not at all in common use. In 
southeastern Ohio and the West Virginia Panhandle, contouring has been 
practiced on some farms, in conjunction with strip cropping, for more 
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than 50 years. It has been used extensively near La Crosse and in the 
Mormon Coulee Valley, Wisconsin, for several decades. 


Table 34. — Comparative Time and Fuel Consumption for Tractor 
Cultivation on the Contour and on 7.56 Per Cent Slope^ 



Slope, 
per cent 

Average 
speed, 
miles per 
hour 

! 

Area cov- 
ered per 
hour, 

acres 

Fuel con- 
sumption, 
pounds 
per acre 

Up- and downhill 

7.56 

3.88 

2.43 

7.63 

Contour 

0 

4.27 

2.74 

i 

6.91 


^ Tests conducted at Manhattan and Hays, Kans., by the Soil Conservation Service and 
the state agricultural and engineering experiment stations, cooperating. 


Since the establishment of the Soil Conservation Service, with its 
many demonstrational areas throughout the country, thousands of 
farmers have come to recognize contouring as a necessary part of effective 
erosion control on cultivated land. Ranchers also are finding it a very 
important tool in conserving rainfall for the replenishment of grass on 
overused ranges. 


Field Contouring 

Contouring is a necessary adjunct to strip cropping of fields and 
should be used in connection with terracing as a means of providing addi- 
tional protection for the interterrace area and for reduced maintenance 
costs. On some areas of gentle slopes, contouring is sometimes used alone 
as an efficient measure for control of erosion. 

Contouring is employed extensively as a means of conserving water in 
dryland areas, especially those affected by wind erosion. Here, tillage 
operations generally are performed with some type of furrowing imple- 
ment, principally the lister. The damming, or basin, lister, which develops 
a dam at intervals in the lister furrow, is coming into quite general use 
in some localities. The furrow produced is of sufficient size to hold a large 
amount of water which otherwise would be lost as runoff (Pig. 167), 
averaging 6 inches deep, 4 inches wide at the bottom, and 25 inches at 
the top. It has been estimated, for example, that contour furrows of this 
size, spaced at intervals of 42 inches, have a mechanical storage capacity 
of approximately 2 inches of rainfall, or about 56,000 gallons of water 
per acre. In areas where moisture is the limiting factor in crop production, 
and where a large part of the rainfall is of such intensity as to produce 
quick runoff, it is clear enough why such treatment gives outstanding 
response in vegetative growth. 
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In some wheat-growing areas, the one-way disk plow is being replaced 
to some extent as a tillage implement by the field cultivator. This is 
because the disk plow leaves a comparatively smooth surface which offers 
little mechanical resistance to water movement, whereas the field cultiva- 
tor forms shallow furrows which hold and distribute rainfall. A similar 
effect results from drilling wheat on the contour with a deep or semideep 
furrow drill. 

Unfortunately, lister furrows lose much of their effective water-hold- 
ing capacity after the crops planted in them have been cultivated once or 
twice. Since it is undesirable in wind erosion areas to disturb crop residues 
by listing until after the blow season of late winter and early spring, this 



Fig. 167. — Work of the damming lister on contour for conservation of rainfall. South 
Dakota. (Photograph by Soil Conservation Service,) 


means that lister furrows on cultivated land retain their maximum water- 
holding capacity for a short period only. For this reason, level terraces 
have been used with contour tillage to obtain maximum conservation of 
water, except on the sandier soils. 

Although contour furrows produced by wheat drills have compara- 
tively little water-holding capacity, they retard the rate of runoff and so 
conserve some water. Prom the standpoint of water conservation, wheat 
land in the Great Plains generally is benefited by level terraces, even 
where the land has a slope of less than 1 per cent. Contour listing, both 
with and without basin attachments, is being used more and more in areas 
affected by wind erosion. This is especially true in the Southern Plains. 

Pasture Contouring 

Contour furrowing of pastme land is a practice that was used to only a 
very limited extent, if at all, before the advent of the recent nation-wide 
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soil conservation program. During the early days of the program of the 
Soil Conservation Service, terraces were used in pastures for moisture 
conservation as well as for control of erosion. It was found that on slopes 



Rig. 169. — Contour furrowing with machine that transposes a slice of sod to side of furrow. 
Kansas, (Photograph by Soil Conservation Service.) 


ranging generally from about 5 to ^5 per cent or more, pasture terraces 
gave very poor distribution of water. And so the terraces were made 
constantly smaller and brought closer together, until finally they became 
contour furrows or a combination of furrows and ridges. 
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Such structures are now made, generally, with ordinary moldboard 
plows (Fig. 168). Much good turf is ripped up when they are placed close 
enough together to provide optimum distribution and conservation of 
rainfall, especially in bluegrass pastures. A special contour furrowing 
machine recently developed in Kansas picks up the furrow slice and sets it 
to the side without overturning, thus saving much of the sod (Fig. 169). 
Another recent machine developed in Iowa lifts a slice of sod so as to 
destroy no sod and yet make a combination furrow and ridge 6 to 8 inches 
deep. 



Fig. 170. — Eighty per cent increase in grass (buffalo and grama) following contour 
furrowing of this 240-acre tract in the Colorado Plains, at a cost of 46 cents per acre, This 
increased growth was due to conservation of rainfall that hitherto had run off the land as 
waste water. (Photograph by Soil Conservation Service.) 


In contouring newly established pastures, a recent practice is to plow 
narrow strips 4 to 6 furrows wide. This produces a series of ridges and 
furrows which are not completely worked down in preparing the seedbed. 
The practice can be especially recommended because of its effectiveness 
and inexpensiveness. The seedbed is prepared at the same time the furrows 
are made. 


Range Contouring 

The contouring of range lands has proved a very beneficial practice 
(Fig. 170). Observations indicate that on heavy land with a deep topsoil, 
K Qnapprl flt intervals of 42 to 84 inches, fiive 
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best results. Ridges have proved most effective on sandy land sloping not 
more than about 8 per cent. 

Although various types of implements have been used to construct 
contour furrows, the three-row lister, with the middle bottom removed, 
has proved one of the most practical. It is highly desirable that a strip of 
undisturbed sod be left between the furrow slices. Accordingly, listers with 
the moldboards removed, and even with the shares clipped, as a means of 
reducing the area of grass to be covered, have given especially good 
results. This procedure should be followed, generally, where a two-row 
lister is used. A chisel fastened ahead of the lister point has proved helpful 



Rig. 171 . — Contour furrows in Colorado made with terracer equipped with furrowing 
attachment. The purpose is to conserve rainfall that runs off as so much waste. {Photo- 
graph by Soil Conservation Service,) 


in the furrowing of land having impervious, compact subsoil. Moldboard 
and disk plows, graders, and various special-type implements (Fig. 171) 
also have been used in many parts of the country. 

Contour furrows have proved more practical than contour ridges in 
those low-rainfall areas where smooth surface conditions prevail, except 
on the very gentle slopes. The furrow has a number of advantages: It 
revegetates much more quickly than the ridge and does not interfere with 
mowing operations. Cross sections of the various types of furrows are 
shown in Graph 30. 

Contouring for Flood Control 

Since contour furrows store rainwater at or near the point where it 
falls, they obviously have a definite value for flood control. In the opera- 
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Kansas machine 
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After plowing After harrowing 

Graph 30. — Cross sections of various types of furrow. (Soil Conservation Service.) 
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ti ons of the Soil Conservation Service, floods apparently have been com- 
pletely controlled on a number of small watersheds where all or most of 
the area was contour-furrowed. Table 35 shows the size of furrows and 
the spacing necessary to store various quantities of rainfall within water- 
sheds susceptible of treatment. 


Table 35 . — Spacing and Size op Contour Furrows Required to Store 
Various Amounts of Rainfall 


Storage 


Cross section (square feet) and spacing (feet) 


capacity, inches 
of water 

Square 

feet 

Feet 1 

Square 

feet 

Feet 

Square 

feet 

1 Feet 

i 

0.5 

0.5 

12 

1 

24 

^2 

48 

1.00 

0.5 

6 

1 1 

12 

2 

24 

2.00 

0.5 

3 


6 

2 

! 12 

3.00 

0.5 

2 

1 

4 

2 

8 

4.00 

0.5 

1.5 

1 

3 

2 

6 

5.00 

0.5 

1.2 

1 

2.4 

2 

4.8 


Results 

Contour furrowing of range land has caused marked improvement of 
both the quantity and quality of the forage in numerous instances through 
the western grazing area. For example, a representative area in the Here- 
ford, Tex., soil and water conservation project treated in April, 1937, with 
furrows 4 inches deep and 8 inches wide, spaced 7 and 14 feet apart, 
produced 1,761 pounds of dry grass per acre, as against only 704 pounds 
produced on an untreated adjacent area of comparable land. At the Spur, 
Tex., experiment station, range land contour listed in 193^ produced 
2,369 pounds of dry forage per acre, whereas an unlisted area of similar 
land produced only 725 pounds per acre. 

At Dalhart, Tex., 21 contour-tilled fields, comprising 4,035 acres, 
produced a yield of 589 pounds of grain sorghum per acre. The average 
yield of seven fields of comparable land, totaling 882 acres, tilled accord- 
ing to the straight-row practice, gave only 461 pounds per acre. 

Yields of wheat obtained from 56 fields contour-drilled and straight- 
row drilled, at the Vega, Tex., soil and water conservation project, are 
given in Table 36. 

The cost of contour furrowing varies with the implements used and 
with the size and spacing of the furrows. A single-row lister, pulled by four 
horses, making furrows 3 inches deep by 12 inches wide, at intervals of 
84 inches, has been used extensively at a cost of 27 cents an acre. Ridges 
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ranging from 40 to 50 feet apart have been constructed with a turning 
plow at 10 cents per acre. 

Table 36. — Yields of Wheat from 56 Fields Contoxtr-dbilled and Straight- 
drilled, Soil and Water Conservation Project, Vega, Tex. 
Following wheat, sorghum, or weeds 


Contour-drilled Straight-row drilled 


Number of fields 

Yield, 

bushels 

Number of 
fields 

Yield, 

bushels 

5 

0 to 2 

12 

0 to 2 

6 

3 to 6 

9 

S to 6 

1 

11 to 14 

0 

— 

Average per acre per field 

2.8 


2.2 

Following summer f 

allow 


0 


1 

Oto 2 

3 

3 to 6 

2 

3 to 6 

7 

7 to 10 

2 

7 to 10 

4 

11 to 14 

1 

11 to 14 

2 

15 + 

1 

15-|- 

Average per acre per field 

9.25 


7.6 





Chapter XX. Terracing 


Since Colonial times, American farmers have built various types of 
field terraces and hillside ditches to divert runoff and conserve soil on 
cultivated slopes. For undetermined centuries, agriculturists of older 
countries have used bench-terraces effectively to combat soil erosion and 
facilitate cultural practices on steep land. The field terrace, as used in the 
United States today, is essentially an artificial measure designed pri- 
marily for control of runoff in high-rainfall areas and for conservation of 
water in low-rainfall areas. Control of erosion is the ultimate objective in 
the more humid areas and a very important objective in the dry regions. 

The basic mechanical feature of field-terracing and hillside ditching 
for surface drainage control is a channel, with a ridge below, constructed 
across the slope at vertical intervals to intercept and divert runoff before 
it gains sufficient volume and velocity to erode the soil. In the construc- 
tion of the modern graded field terrace, spacing, size, and slope are so 
regulated that runoff can be collected and conveyed slowly along the 
channel to a protected outlet. Usually, both channel and ridge have a 
broad cross section, so designed as to permit cultivation over the entire 
structure. Terraces of the ungraded or level type are constructed some- 
what along the same mechanical lines as the graded structure for retaining 
and distributing rainfall that otherwise would be lost as runoff. Outlets 
are not provided for, however, when the purpose is to hold all the rainfall. 

The present development of terracing is the result of years of use, 
extensive field experimentation, and many modifications from early 
construction practices. 

Properly located and constructed and adequately supported by 
cropping and tillage practices, they provide one of the most effective 
erosion-control measures applicable to cultivated land. If improperly 
constructed or not adjusted with proper land-use practices, they often 
accelerate rather than retard soil losses. 

Types of Terraces 

As the result of attempts to improve the efficiency of terraces, several 
kinds of structures, and modifications thereof, have evolved. 
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Although there is fairly general acceptance of the broader functional 
classifications of terraces, techniques of construction are changing con- 
tinually as the result of additional field experience and the accumulation 
of research data. Moreover, construction specifications vary from region 
to region, according to local conditions and requirements and, to a con- 
siderable degree, according to the opinion of the constructor. 

Classified roughly, the three principal types are: 

1. Bench type, with steplike, flattish surface between steep risers 
(steep slope to next terrace platform), designed (a) to control erosion by 
reducing the gradient of the cultivated area and (6) to make steep land 
available for cultivation. 


2 Q 2 4 6 

SCALE IN FEET 



Conservation Service,) 


2. Graded-channel type, without change of interterrace slope, 
designed primarily to intercept and divert runoff at nonerosive velocities. 
This interception-and-diversion type has been variously referred to as the 
drainage-control type, runoff-control type, channel type, and American type. 

3. Level type, designed to impound runoff primarily for conservation 
of rainfall (Graph 31). This interception-and-reteniion type is sometimes 
designated the absorption or retention type. 

Bench Type 

In various parts of the world, bench-terraces have been extensively 
constructed at great expenditure of labor, in order to make cultivable or 
to stabilize sloping land. Such structures consist of platforms, or nearly 
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level benches, constructed in steplike series across slopes. The platforms 
are separated by steep to almost vertical risers or retaining walls sup- 
ported by rock or vegetation. 

In the strict sense, these bench structures represent the closest 
approach to a true terrace. Their use has been restricted largely to areas of 
dense population, where the supply of level land is insufficient for the 
needs of the people and where labor is cheap. 

The practice of bench-terracing is almost as old as agriculture itself. 
Centuries before the Conquistadors ascended the Andes, the pre-Incas 
had attained great skill in the construction of essentially level terraces, 
supported by substantial artificial walls of stone. The structures were 
used extensively in the building of broad fields in the valleys and in the 

r ^ 





Fig. 172. — Bench terraces on a 20 per cent slope, southern Piedmont, developed by 
gradual movement of soil toward vegetated terrace. Georgia. {Photograph by Soil Con- 
servation Service.) 


establishment of narrow contour fields on steep mountain slopes. Gen- 
erally, soil was filled in behind the stone walls, and irrigation water, 
brought frequently from remote sources, was applied. Many of these 
ancient terraced fields are still in use. 

In the Philippine Islands, the natives probably were building their 
present type of bench-terrace 2,000 years ago. Walled terraces have been 
used successfully for centuries in the Mediterranean Basin, the Orient, 
and other parts of the world. There is evidence that prehistoric Indians of 
Mexico and southwestern United States used bench-terraces to facilitate 
irrigation. The practice still is used to some extent by the Pueblos of New 
Mexico and the natives of Mexico. 

The oldest examples of bench-terracing by American white men 
probably are those found in the rolling sections of the Southeastern States 
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(Fig. 17£). They have been used frequently in landscaping. In the citrus 
and avocado districts of southern California, bench-terraces are coming 
into common use on steeply sloping land. In other states, they have been 
used occasionally and rather sparingly on truck farms and in vineyards 
and orchards. 

Most of the old bench-terraces in the Southeastern States have been 
formed gradually through the combined effects of cultivation and erosion. 
Collecting in vegetation growing along the terrace banks (Graph 32), 
material moved downhill by tillage and erosion has had the effect, after 
years, of producing many steplike terraces which appear to have been 
originally constructed as such. Usually, however, the inner, or uphill, side 
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Horizontal Scale 

j- 


Verticaf Scale 
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Graph 32 . — Cross section of an old terrace in the South Carolina Piedmont. The 
inverted soil profile at the right has been developed by soil movement between terraces. 
Unless the topsoil is relatively deep in comparison with the vertical interval between ter- 
races, subsoil is eventually exposed over the entire surface. {Soil Conservation Service.) 


has been stripped of topsoil, and thousands of abandoned terraces have 
been cut to pieces by gullying. Most of these, if not all, originally were 
constructed as ordinary narrow-ridge field-terraces or as hillside ditches. 
Erosion between the ridges or ditches has resulted in filling and benching 
and finally in neglect and failure. 

Graph 32, based on a detailed study of an old Mangum terrace and the 
terrace interval above it, in the Piedmont section of South Carolina, shows 
how erosion tends to develop a bench-terrace at heavy cost in soil wastage. 
Because of excessive slope (about 17 per cent), this terrace and its neigh- 
bors, together with the entire field, have been ruined by deep sheet washing 
and gullying (Fig. 173). Examination of the profile of the lower terrace 
shows what happens to the soil during the leveling process that goes on 
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between most terraces on excessively steep land as well as on most terraces 
that are not supported by proper cropping systems. 

The California type of bench-terrace> sometimes referred to as the 
Reddick terrace (because of H, E. Eeddick’s efforts in adapting it to citrus 



Fig. 173. — Despite the use of terraces, this South Carolina Piedmont land is too badly 
eroded for agricultural uses. Same abandoned field as shown in Graph 3^. {Photogra'ph hy 
Soil Conservation Service,) 



Fig. 174. — California bench terrace. {Photograph hy Soil Conservation Service.) 


groves and orchards), generally is constructed in the following manner: 
Rows for planting trees are laid out on irrigation grade lines, varying 
with the soil and slope; and along these lines, a small ridge is thrown up 
with two or three furrows. On this ridge, the trees are planted. Irrigation 
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water is applied along the upper side of the ridge. Subsequent cultivation 
is in the direction of irrigation and is conducted in such a way that a 
narrow strip of vegetation is left in the row of trees. By avoiding cross 
cultivation, a bench-terrace is formed gradually. When the bench is 
completed, after some years of cultivation under irrigation, the trees stand 
part way down the steep downhill slope, amply protected by vegeta- 
tion (Fig. 174). 

Before constructing bench-terraces in any area, thorough study should 
be made to determine whether or not justification exists for cropping- 
steep slopes that require this type of protection. If suitable lands with 
gentle slopes are available, or if profitable returns cannot be expected, the 
steeper slopes should be utilized for purposes other than cultivation. 

Graded-channel Type 

The graded-channel, or interception-and-diversion, type of terrace 
appears to have been developed in the United States and to have been 
used more extensively in this country than in any other. During the latter 
part of the eighteenth and the beginning of the nineteenth centuries, 
farmers in the Southeastern States began to use devices known as hillside 
ditches. These ditches were the real forerunners of the present-day field 
terrace. 

Records Indicate that the term terrace was applied to these erosion- 
control structures as early as 1847. From the Southeast, the use of terrac- 
ing spread westward into Oklahoma and Texas. A number of farmers who 
had moved from the older Southern States were terracing in eastern Texas 
by 1903.^ In Oklahoma, farmers of Payne and Carter counties were build- 
ing terraces as early as 1907 and 1908. 

The use of terracing also has spread northward to some extent from 
the Southern States. During the last few years,, the American system of 
terracing land has been introduced into other countries. Reports from 
Australia, Rhodesia, and Kenya indicate a steady increase in the use of 
terracing in these countries since its introduction around 1930. 

The hillside ditches used by early farmers in the Southeast were dug 
or plowed out across the slope to intercept and convey surface runoff from 
erodible fields. These ditches usually were placed from ^00 to 400 feet 
apart, depending on the slope. Channel gradients frequently as steep as 
S or 3 per cent or more were used. Inadequate capacity caused over- 
topping; and water, accumulating in the steeply graded ditches, fre- 
quently flowed so swiftly that troublesome gullies were formed. Even 
with these failures, the structures were sufficiently successful to induce 
many farmers to continue their use year after year. 

In 1885J, Duke Howell of Newton County, Texas, did some terracing. 
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Many of the early pioneers attempted to improve their hillside ditches, 
with varying results. One of the developments was a structure known as 
the narrow-ridge terrace. Generally, this also lacked adequate water-carry- 
ing capacity; the grades were steep; and the narrow ridges could not be 
cultivated. Soil movement down the slope between the ridges caused many 
of them to develop into bench-terraces. 

Eventually, the need for such construction refinements as wide ridges 
and channels; variable grades; and spacing according to rainfall intensity, 
soil character, and slope was recognized and advocated by some of the 
early terrace builders. In general, however, farmers were slow to adopt 
such proposed improvements. One of the most important developments 
in the history of terrace construction came in 1885 as a result of the work 
of Priestley H. Mangum, a farmer living near Wake Forest, N. C. 
Mangum introduced the broad-base terrace, by widening the narrow 
ridges previously used, so that tillage operations could be conducted over 
the entire structure. Modifications of the Mangum terrace are used 
extensively today in many parts of the country. 

It was not, however, until the practice of terracing received the critical 
attention of the agricultural colleges and the United States Department of 
Agriculture that extensive progress in terrace construction was made. 
After some preliminary study, an investigational survey of the use of 
terraces to combat soil erosion was begun in 1915 by Ramser, then drain- 
age engineer of the Office of Experiment Stations. The results, based on 
studies of the methods of terracing used in the Southeastern States, the 
degree of success attained, and the factors affecting their success or 
failure, were published in 1917.^ This report served as the basis for many 
later developments. Nichols later, while with the Alabama Polytechnic 
Institute, initiated studies relating to improvement in terrace design. His 
investigations led to certain modifications in construction procedure, 
particularly with respect to the terrace channel. ^ Additional information 
from the state agricultural experiment stations and from the Federal soil 
and water conservation experiment stations cooperating with the states 
and the field experience of the Soil Conservation Service have contributed 
to improvement in terrace construction. Since about 1915, county agents 
and others have devoted much time to educational work on the use of 
terracing.® 

1 Ramser, C. E. Prevention of Erosion of Earm Lands by Terracing, U. S. Dept. Agr. 
Bull 512, 1917. 

^ Nichols, M. L. An Improved Channel-type Terrace for the Southeast, U. S. Dept. Agr. 
Farmers' Bull 1790, 1937. 

® Hamilton, C. L. Terracing for Soil and Water Conservation, U. S. Dept. Agr. Farmers' 
Bull 1789, 1938. 
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Technique of Construction 

Grades. The effect of channel gradients on runoff and removal of 
soil from the terrace channel and the indicated effect on rate of soil loss 
from various soil types are shown in Graphs 33 and 34. These measure- 
ments, including similar measurements for a number of other important 
agricultural soils, ^ show that on most soils a reduction in channel gradient 
results in less soil loss, a lower rate of water loss at the terrace outlet, 
and, generally, less runoff. They indicate that the most satisfactory grade 
to use in the construction of terraces is the least grade that will provide 
adequate discharge of runoff. 

This investigational work also shows that although the variable-grade 
terrace is slightly more efficient in conserving soil, it does not require so 
great a height or cross section toward the outlet as terraces of uniform 
grade, since the maximum rate of runoff is less for the structures of variable 
grades. The milder grades near the upper end of a variable-grade terrace 
tend to hold back water until that below has an opportunity to flow off. 
This prevents concentration near the outlet, thus obviating the need for 
an extra-large channel capacity. These advantages of the variable-grade 
terrace over the uniform-grade type far outweigh the objection that the 
former is somewhat more difficult to lay out. 

Grades of more than 4 inches per 100 feet of length are seldom neces- 
sary or advisable. In field practice, a variable grade is established which 
increases uniformly every 300 to 500 feet in the direction of the outlet. 
The common grade for areas of relatively high-rainfall intensities and soils 
of average absorptive capacity is a fall of 1 inch per 100 feet for the first 
400 feet of channel length; 2 inches per 100 feet for the second 400 feet; 
3 inches per 100 feet for the third 400 feet; and 4 inches per 100 feet for the 
fourth length of 400 feet. Where the soil is of exceptionally good absorp- 
tive capacity, such as sandy loam, a common grade arrangement is level 
for the first 400 feet; a fall of 1 inch per 100 feet for the second 400 feet; 
% inches per 100 feet for the third 400 feet; and 3 inches per 100 feet for 
the fourth 400 feet. In areas of low rainfall and soils of average character- 
istics, a grade arrangement of level for the first 500 feet; a fall of 1 inch 
per 100 feet for the second 500 feet; and 9 > inches per 100 feet for the third 
500 feet may be advisable. 

Spacing. Although a number of measurements indicate that soil 
erosion increases with increase in distance between terraces, other 
measurements indicate the contrary. Such inconsistent results probably 
are due largely to inadequate methods of measuring the soil movement 

^ Cecil sandy clay loam at Statesville, N. C.; Shelby loam at Bethany, Mo.; Houston 
black clay at Temple, Tex.; Muskingum silt loam at Zanesville, Ohio; and Clinton silt 
loam at La Crosse, Wis. 
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ANNUAL 

TERRACE rainfall CROP YEAR 
(Inches) 


ANNUAL SOIL LOSS 

annual runoff at ends of terraces 

(Percent of rainfall) (Tons perocre) 
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Graph 33. — Effect of terrace grade on runoff and soil removal from terrace channel, 
and indicated effect on rate of soil loss, from Kirvin, Nacogdoches, and Bowie fine sandy 
loams, as measured at the Tyler, Texas, soil- and water conservation experiment station, 
1931 to 1935, inclusive. {Soil Conservation Service,) 



SOIL CONSERVATION 


4552 


ANNUAL 

TERRACE RAINFALL CROP 
(inches) 


3-C 

6" per 100 
Slope >4^3% 
Va-3.5‘ , 
Length- 1700 


29.20 

37.40 

31.40 
35.30 
31.73 
33.01 


Oats 

Cotton 

Corn 

Oats 

Cotton 


YEAR 


1931 

1932 

1933 

1934 

1935 
Average 


ANNUAL RUNOFF AT ENDS OF TERRACES 

(Percent of rainfall) (Tons per acre) 


0 10 20 30 40 50 60 0 IQ 20 3 0 



« ^"0 , 

4 per 100 
Slope 4.41% 
V.I.-3.5' 
Length “1700* 


29.20 

Oats 

(931 

mm 

16 


^ 1.8 

37.40 

Cotton 

1932 


1 27 


1 88 

31,40 

Corn 

1933 


22 


^ 2.6 

35.30 

Cots 

1934 


20 


6 1 

31,73 

Cotton 

1935 


24 


139 

33.01 


Average 

liiliiir 

22 

1 

PT 66 


uS-C . 

2 per 100 
S[ope-4.72% 

y.i-zs , 

Length “1700 


29,20 

37.40 

31.40 
35.30 
31,73 
33,01 


6*C 

Level 

Slope 6.51% 
V.I.-3.5' , 
Length-1700 


29.20 

37.40 

31.40 
35.30 
31,73 
33,01 


Oats 

Cotton 

Corn 

Oats 

Cotton 


Oafs 

Cotton 

Corn 

Oats 

Cotton 


1931 

1932 

1933 

1934 

1935 
Average 


1931 

1932 

1933 

1934 

1935 
Average 




Geaph 34. — Effect of terrace grade on runoff and soil removal from terrace channel, and 
indicated effect on rate of soil loss, from Vernon fine sandy loam, as measured at the soil 
and water conservation experiment station, Guthrie, Oklahoma, 1931 to 1935, inclusive. 
{Soil Conservation Service,) 
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that takes place between terraces. Soil losses measured at the ends of the 
terraces do not necessarily indicate the extent of soil movement between 
terraces. 

Specifications for spacing terraces are based largely on field observa- 
tions covering the results of many years of experience with terracing. A 
fundamental principle in effective terracing is to locate the structures so 
that they will intercept the runoff from the area above each terrace before 
its velocity has become great enough to cause severe erosion and its 
volume great enough to exceed the carrying capacity of the terrace channel. 
Also, the spacing must be wide enough to facilitate necessary tillage opera- 
tions. Variations in soil, crops, and rainfall conditions have a marked 
influence on the extent of erosion that may occur on slopes of different 
lengths and so affect spacing requirements. Crop and soil conditions, 
however, usually cannot be made a major basis for adjustments in 
terrace spacing, since the structures must provide safe protection during 
the critical periods of maximum runoff and scarcity of vegetative 
cover. These are the periods when greatest soil losses occur and when 
terraces are most effective. The primary purpose of good cropping prac- 
tices on terraced land is to improve the productivity of the soil and to 
increase its organic content and structure so as to increase its capacity for 
rainfall absorption rather than to permit major adjustments in terrace 
specifications. Such treatment provides for increased acre yields and 
minimizes soil movement between terraces. 

In the North, terrace intervals may be somewhat greater on compar- 
able soils and slopes than is permissible in the South, because of greater 
protection of the soil in winter by freezing and the frequent inclusion of 
more erosion-resistant crops in the rotations. Rainfall intensities also are 
generally lower in the Northern States. 

The spacing specifications given in Table 37 are for the graded-channel 
type of terrace and are based on Ramser’s recommendations. The mini- 
mum and maximum values shown vary from the average by 15 per cent. 
When good cropping practices are followed, and where the soil is excep- 
tionally resistant to erosion, and low-rainfall intensities are characteristic 
of the area to be terraced, the spacing might be increased as much as 
15 per cent with reasonable safety. Under opposite conditions, the spacing 
generally should be decreased as much as 15 per cent. With intermediate 
combinations of favorable or unfavorable factors, corresponding inter- 
mediate increases or reductions should be made in the spacing. In prac- 
tice, a favorable factor frequently will be offset by an unfavorable one and 
so preclude any deviation from the recommended average for spacing. 
For example, the value of a good erosion-resistant rotation may be offset 
by a highly credible soil or by high-rainfall intensity. 



Tabus 37. — Recommenbed Terrace Spacings^ and Related Data for Interception-and~diversion Type of Terrace 
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Cross Sections. The three main requirements of satisfactory terrace 
-ross sections are (1) ample channel capacity, (2) channel and ridge side- 
slopes flat enough to permit operation of farm machinery along the terrace 
without undue tearing down of the ridge and without undue hindrance 
to operation of the machinery, and (3) economical construction. 

Customary cross-section specifications for both the graded and the level 
runoff-control and absorption types of terraces are shown in Graph 31. 

With respect to the terrace channel, the cross-sectional area that 
actually carries the water should seldom be less than 7 to 8 square feet, 
and this minimum should be increased somewhat along the lower part of 
long terraces. The water-carrying depth of a settled terrace should be 
from 15 to 20 inches, and the total width of the terrace from 15 to 40 feet, 
depending on the slope of the field and the type of farm machinery to be 
used. The side slopes of the channel or ridge should seldom be steeper 
than 4 to 1 (a fall of 1 foot in a horizontal distance of 4 feet), although 5 to 
1 is preferable. On pasture or other noncultivated land, smaller cross 
sections may be satisfactory. 

Length. Usually, 1,600 to 1,800 feet is the maximum distance that a 
terrace should carry water in one direction. Under favorable conditions, 
however, terraces half a mile long often will give satisfactory service if 
properly constructed and maintained. In order to eliminate the need for a 
second outlet ditch, structures of this length may sometimes be used to 
advantage in a system where the slopes are relatively uniform. But on 
gullied land a length of 1,500 feet rarely should be exceeded. Where an 
occasional terrace must exceed the maximum lengths recommended, it often 
can be handled most satisfactorily by draining the excess length to a 
convenient natural or vegetated outlet in the direction opposite to the 
outlet for the main part of the terrace. Or the entire terrace may be 
drained in one direction, if the cross section of the channel is increased 
toward the lower end to provide additional capacity. 

Limiting Slopes. On slopes above 10 to 12 per cent, it is diflScult to 
build and maintain graded terraces that have adequate drainage capacity 
or that can be satisfactorily farmed over with modern machinery. Under 
a soil conservation plan, steeper slopes are seldom recommended for the 
production of cultivated crops. In the majority of agricultural areas, the 
graded type of terrace generally can be used, if needed, on slopes con- 
sidered suitable for cultivation under a good land-use program. 

Planning Terracing Work 

In planning terracing operations, one of the important problems is to 
determine where and how the structures should be used. Terraces are most 
needed, generally, on sloping land that must be used for the production of 
farm crops and on which less expensive and applicable conservation 
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measures will not provide adequate erosion control. Too often, terracing is 
considered as an alternative control measure to a permanent vegetative 
cover of grasses or trees. The practice should not be considered for land 
that can be retained under permanent vegetative cover, except where 
terraces may be required for moisture conservation or diversion of water 
for gully control or as an aid in establishing a satisfactory cover of vegeta- 
tion. Neither can terracing be economically justified on land that can be 
protected adequately by such tillage and agronomic measures as contour 
cultivation, crop rotation, and strip cropping. These measures alone may 
provide sufficient protection under conditions of mild slopes, relatively 
low rainfall intensities, and high soil infiltration rates, especially where the 
rotations provide an erosion-resistant cover during a large part of the 
cycle of crop succession. But with highly erodible soils, long slopes, and 
high-rainfall intensities, and under conditions where a large percentage of 
erosion-permitting crops must be used in the rotations in order to provide 
a profitable farm income, the applicable agronomic control measures may 
give only partial control. Under such circumstances, the agronomic 
measures must be reinforced with terraces. 

Under all conditions, terraces always should be supplemented by the 
best possible cropping practices, since the structures themselves do not 
add to the fertility of the soil but serve primarily as an aid to soil conserva- 
tion and improvement. The use of proper rotations, contour strip crop- 
ping, and contour cultivation in conjunction with terracing, wherever 
terraces are needed, provides one of the most effective erosion-control 
combinations known for cultivated fields. 

It is important in the interest of establishing, as quickly as possible, 
sound soil-conserving measures to all the land of the nation needing pro- 
tection that no meaningless and deterring controversial issues be raised 
as to the relative merits of agronomic and mechanical control measures. 
Each has its useful place in a properly coordinated erosion-control 
program. It would be just as serious a mistake to employ only agronomic 
measures where they will not provide adequate control as it would be to 
use terraces without the support of necessary soil-improving crop 
practices. 

It should be pointed out, however, that terracing has certain disad- 
vantages. The practice may require abrupt changes in traditional farming 
practices and entail slightly higher construction, tillage, and maintenance 
costs. On thin soils, subsoil may be exposed in the terrace channels. 
Damage may also result from the diversion and concentration of runoff 
at uncontrolled points, unless due precaution is exercised. All these 
disadvantages, however, are not especially difficult to overcome where 
the land operator is really concerned about soil conservation. Terracing is 
an erosion -control measure that has been extensively tested and has been 
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proved acceptable under actual farm conditions wherever it has been 
necessary, and its application has been in accord with proper land use. 

Field Eeconnaissance. After it has been decided to install a 
terracing system, the first step in laying out the field work is to make a 
thorough physical inspection of the area under consideration. All such 
features as slope, ridges, hummocks, gullies, drainageways, field and 
property lines, roads, and buildings must be taken into consideration. 
Adjacent areas must be examined also to determine the size of the drain- 
age area contributing runoff to land to be terraced, the vegetal cover, and 
available sites for disposal of excess water. Where the field to be terraced 
receives any considerable amount of runoff from adjacent land, it usually 
is good practice to divert this water or part of it by some form of diversion 
or interception ditch, in order to prevent overtopping and breaking the 
terraces. 

In the preliminary planning, all necessary terracing for the entire farm 
should be considered at one time so that the system installed in one field 
can be fitted into the complete system for the entire farm without undue 
difficulty or expense. The practicability of rearranging fields, fences, and 
roads to conform with good terracing, land-use, and farm-management 
practices should always be carefully appraised. 

Terracing usually is planned according to drainage units, that is, 
according to areas from which necessary water disposal can be satis- 
factorily handled through one outlet or system of outlets. Where fields on 
adjacent farms lie within the same drainage unit, a joint terracing system 
often can be worked out for both fields, provided a satisfactory agreement 
can be arranged between the landowners or operators for joint construc- 
tion and maintenance of the terraces and outlets. 

Location of the most desirable terrace outlet and determination of the 
necessary measures for outlet stabilization are important items to be 
considered in developing the field plans. After the outlets are located, the 
terracing system should be developed around them in such a way as to 
conform to the topography and at the same time make most advantageous 
use of the outlets. The most simple and economical type of outlet is an 
area having a well-established sod or other cover over which water can be 
discharged directly without danger of cutting. Caution must be exercised, 
however, in selecting such natural outlets, and they must be carefully 
watched for evidences of failure. Many terrace systems have failed because 
too much dependence was placed on a natural outlet that had far too thin 
a cover of grasses, shrubs, or forest litter to withstand the concentrated 
discharge from the terraces. The ideal natural outlet consists of a dense 
sod protected from overgrazing or other damage. On moderate slopes, 
woods with a good undergrowth and cover of ground litter make a very 
satisfactory outlet. 
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Where adequate natural outlets are not available, stabilized waterways 
(see Chap. XXI, Part 9 ) must be established. 

Staking Terrace Lines. In laying out a terrace system, random 
stakes are first set out to mark the location and approximate width of the 
necessary outlet ditch or ditches. Then the upper terrace is staked, using 
the drainage divide as a starting point from which to measure the vertical 
interval for the first structure. An exception to this rule is sometimes 
made when it is desired to have a definite location for some particular 
terrace in the system. In that case, a particular terrace is located first, and 
a sufficient number of terraces are staked between it and the drainage 
divide to insure that the maximum vertical interval for any one structure 
will not be exceeded. Any necessary reduction in the spacing of terraces 
can then be divided proportionately. After the first terrace is staked, each 
of the succeeding structures is staked in turn. 

It is not always possible, even for experienced terrace surveyors, to 
establish the most satisfactory layout in the first attempt. After a few 
lines have been staked, minor topographical features sometimes will 
necessitate changes in the terrace lines. If such changes are extensive, it is 
usually best to pull up all set stakes and start the job over. 

In order to get proper alignment of terraces at the outlet ditch, it 
usually is most convenient to start staking at the outlet end. The selected 
terrace channel grades can then be used to locate all other stakes from that 
point to the other end of the terrace. Stakes should be set at intervals 
somewhere between 50 and 100 feet, except on curves and across depres- 
sions, where a ^5-foot spacing is often necessary. It is customary and 
usually most convenient to have the stakes indicate the location of the 
center line of the terrace ridge. 

After all the terrace lines have been staked, some realignment is 
usually necessary on each terrace in order to eliminate undesirable sharp 
curves, to obtain greater ease of construction, and to develop a terrace 
that will offer a minimum of inconvenience in later farming operations. 
Good field judgment must be exercised in order to provide the most satis- 
factory realignment of terrace lines. Graph 35 illustrates the principle of 
terrace realignment. 

The realignment usually consists of moving certain stakes up or down 
the slope. Often such movement will, of course, be restricted by the 
drainage and construction features involved. Usually, the straightening 
should be limited in upward movement so that not more than 6-inch 
additional cuts will be necessary in the terrace channel. The straightening 
of terraces where they cross depressions should not be such as will intro- 
duce excessive ridge heights and ponding areas. The maximum ridge 
height generally should not exceed 3 feet. If a gully has formed, the settled 
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height of the terrace ridge above the break or fill in the gully should 
seldom exceed 3 feet. 

In order to facilitate terrace construction, continuous marking lines 
are usually preferred. If a final check of the terrace and outlet locations 
indicates that the entire layout will be satisfactory, the terrace lines are 
then marked with a plow furrow, since stakes are easily lost and are more 
difficult to follow with heavy terracing equipment. 



Graph 35 - -Realignment of terraces across depressions and over ridges. {Soil Conservation 

Service,) 

Construction 

Soil character has much to do with the technique and cost of terrace 
construction. Extensive experience has shown, for example, that the cost 
of building terraces on the sandy coastal plain soils of the Southeast, 
which have friable subsoils, is only a third or half the cost of construction 
on the principal types of soil in the Piedmont. In times of drought, the 
heavier soils of the latter region become hard and difficult to manipulate. 
When wet, the sticky Piedmont clay clogs terracing machines and so 
lowers their efficiency. 

Generally, the cost of terracing increases with the degree of erosion, 
because of the toughness of the exposed or partially exposed clay subsoil 
and the frequency of gullies. In other words, it costs more to protect the 
less valuable land. If terraces are to be built eventually, construction 
should proceed as soon as possible after a field is put into cultivation. 

In some areas, terraces may be impractical because of the unstable 
nature of the soil or the presence of rock or hardpan near the surface. 
Where shallow surface soil is underlain by relatively tough subsoil, 
difficult to penetrate, terracing usually is impractical because of excessive 
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construction costs. Terracing of porous sandy land may be unsatisfactory 
because of the relative ease with which intercepted runoff penetrates the 
ridges to cause sloughing and breaks. Also, excessive interterrace erosion 
tends to discourage terracing on such soils because of the difficulty of 
keeping the channels open. Moderately loose soil frequently can be 
terraced satisfactorily by building wider ridges and placing the structures 
closer together. Fortunately, unfavorable soil conditions of this kind are 
of exceptional occurrence. 

Shallow surface soil does not necessarily mean that terracing is inad- 
visable. If the subsoil is tough and difficult to plow, however, so much 









Fig. 175. — Terrace consiruciion with, a 10-loot blade terracer and tractor. This type 
of equipment is used quite extensively for building terraces. {Photograph by Soil Con- 
servation Service,) 


topsoil may be required in developing the ridge that an excessive area of 
stubborn subsoil of low productivity is exposed, particularly in the 
terrace channel. But this objection does not always hold, because topsoil 
moving into the channel during the process of stabilizing the terrace 
interval often will gradually correct or improve the situation. Moreover, 
if the land must be cropped, decreased yields on the exposed areas may be 
more than made up for by increased yields on the other part of the treated 
land. And, of course, if the erosion is not checked, the entire area may 
quickly become unfit for cropping. 

Machinery. In terrace construction, a wide variety of equipment is 
used, including the terracing plow, disk plow, blade grader (Pig. 175 ), 
V-drag (Fig. 176 ), scrapers, and other machines. Equipment designed 
specifically for terrace construction usually gives the most satisfactory 
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results. Recently, marked improvement has been made in the design and 
adaptation of blade graders for terracing work, and two new types of 
terracing machines have been developed: the rotary-plow type and the 
elevating-grade type. Both offer considerable promise because of relatively 
low first cost and economical operation in comparison with their capacity. 

Small-blade terracers, scrapers, V-drags, and plows pulled by farm 
tractors, horses, or mules have been used to build a large proportion of 
existing terraces. Use of such machinery, however, is generally laborious, 
except on the more tractable soils, and the tendency is to build structures 
out of conformity with standard specifications. Usually, the most eco- 



Fig, 176. — Terrace construction with a plow and V-drag. It requires a large number of 
rounds to develop satisfactory terraces with this type of equipment. {Photograph by Soil 
Conservation Service.) 


nomical and satisfactory terraces are constructed when the heavier 
tractors (40 to 50 horsepower) and terracing machines are used. Initial 
costs are so high, however, that many farmers cannot afford individual 
ownership. But through soil conservation districts and other farmer 
groups, this heavier type of terracing equipment can be made available. 
In some states, counties are authorized to make road equipment 
available for terracing or to use county funds in purchasing terracing 
equipment. Parmers usually pay the operating costs and, in some in- 
stances, small additional amounts to cover any proportionate part of the 
equipment charges. Where state laws do not provide for such procedure, 
groups of local farmers can organize associations, purchase machinery, 
and rent it out to farmers on a cost basis. In some instances, a farmer or 
group of farmers have purchased a terracing outfit and, after completing 
their own terracing, have extended operations to neighboring farms. In 


462 


SOIL CONSERVATION 


Origtnol Ground Line 6-Percent Slope 

Stahe Lino'^ — 

^ f‘rlp-1 


t ^Grode Line 



Cross §^ion ^er Settlement and Cultivation ~ 


. 5-20 


Scale in Feet 


Geaph 36. — Progressive steps in the construction of graded-channel terrace in areas 
where small tillage equipment is used, as in southeastern United States. Ten-foot blade 
used, working from upper side only. (Soil Conservation Service.) 
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some localities, private contractors who have entered this field seem to be 
doing the work in a satisfactory way. 

Procedure. The upper terrace of a field should be constructed first; 
and then, in downslope succession, construction of the others should 
follow. If the lower terraces are constructed first, they are likely to be 
damaged if a heavy rain occurs before the upper ones have been com- 
pleted. N ot only should the top terrace be constructed first, but it should 
be especially well constructed because of the protection that it gives to the 
structures below. When an upper terrace breaks, the structures below are 
also likely to break under the stress of water thus concentrated against 
them. 

A practice of delayed terracing, under which the construction of all 
structures in a field is extended over a period of several years, has been 
advocated in some sections in order to encourage terracing over a larger 
area without heavy initial cost. This frequently may be a dangerous 
procedure. Usually, the few rounds made on each terrace the first one or 
two years do not provide suflScient capacity to withstand runoff from 
torrential rains. Consequently, much overtopping and damage result. 
Generally, it is desirable to complete all terraces as quickly as possible. 
If the work must be distributed over a period of years, the practice of 
constructing a few of the upper terraces the first year and building 
additional ones each succeeding year is preferable to starting all structures 
at one time and doing only a little work on each. 

Graphs 36 and 37 show the details by which cuts and fills can be made 
in constructing the graded-channel type of terrace with a 10-foot blade. 

In building terraces, all the earth may be moved from the upper side, 
or a part from each side. A few years ago, the practice of moving the earth 
from both sides was common, but the tendency now is toward construct- 
ing more and more of the terrace from the upper side. Not only is this 
cheaper, but it also produces a more desirable cross section. In localities 
where a comparatively narrow terrace is suitable, it has been found most 
economical to build entirely from the upper side. In other places, particu- 
larly on slopes above 3 or 4 per cent, only a small part, if any, of the 
terrace is built from the lower side. This construction procedure neces- 
sitates reversible-type machines if the equipment is to be used in the most 
efficient way. 

Where terraces cross gullies or even slight depressions, some extra fill 
work must be done to maintain proper location and ridge elevation. A slip 
scraper, fresno, or rotary scraper is used generally for such work (Fig. 177) . 
Failure to construct fills properly is a common cause of trouble in terracing. 
Where even a small gully has developed, the fill should be made as 
impervious as an earth dam through proper placement of material and 
adequate compaction. A substantial bond between the fill and the gully 
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Graph 37. — Progressive steps in the construction of graded-channel terrace in areas 
where large tillage equipment is used, as in midwestern United States. Ten-foot blade used, 
working from upper side only. (Soil Conservation Service.) 
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sides always should be provided. The fill must be high and wide enough to 
prevent overtopping. Usually, the height of the terrace at points where 
fills are made should be increased by 15 to 20 per cent, to compensate 
for the extra settlement that will occur at such points. 

Where terraces are to be continued from one field to another, it is 
necessary to build the intervening section by hand if a hedge or other 
obstacles prevent the use of regular terracing equipment. It is also fre- 
quently necessary to do some handwork on terraces where outlet ditches 
or field fences prevent regular equipment from covering the full length of 
the structure. It is highly important that all parts of the terrace be com- 



Fig. 177. —“Slip scraper and team used to fill low places along terrace ridge. {Photograph 

hy Soil Conservation Service.) 


pleted to full channel capacity, since one weak point will be enough to 
cause failure. 

A terrace cannot be considered complete until it has been checked 
carefully for correct grade and height. To assure proper channel capacity 
and flow of water in the desired direction, low places along the ridge and 
high spots in the channel are usually marked and corrected before the 
equipment leaves the field. The level and rod are used in checking, and 
sufficient readings are taken to determine accurately where corrections 
are necessary. Elevations and grades are checked with special care around 
bends, across gullies, and at the outlets. A common fault in terrace con- 
struction is to provide too much grade near the outlet. If correctional work 
is required over an appreciable length of the terrace, it usually can be done 
most satisfactorily by using the regular terracing equipment. 
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Costs. So many variables affect the cost of terracing that it is 
difficult in some localities to find two jobs that cost exactly the same. The 
more important features influencing terracing costs already have been 
discussed. When soil conditions are favorable, slopes uniform, and efficient 
terracing equipment available, the cost of terracing a field is often roughly 
equal to the cost of plowing the same field. Where conditions are unfavor- 
able, however (as with heavy soil; an abundance of rocks, stumps, or 
gullies; and irregular topography), terracing may run as high as $5 or 
more per acre. 


Al)sorptioii-type Terrace 

Although the absorption-type terrace is being used more extensively 
in the Great Plains, it is not entirely an American development. Some of 
the older countries, as Egypt and the Anglo-Egyptian Sudan, have used 
contour ridges or small dikes with closed ends for a great many years, in 
order to prevent runoff and increase moisture conservation for crop 
production. The principle probably originated many centuries ago. 
Construction procedure, however, has been improved by American effort. 
Special construction equipment has been developed, and the ridges have 
been widened out, so that the side slopes are flat enough to permit 
cropping with a minimum of inconvenience. 

Erosion control, especially soil blowing, by the absorption-type terrace 
is accomplished to a large degree indirectly through water conservation. 
The increased water held by such terraces makes the soil more resistant 
to wind erosion, even while encouraging the growth of crops and other 
protective vegetative covers. 

These terraces are particularly adapted to areas of low precipitation 
and to soil types that will absorb accumulated runoff fast enough to 
prevent damage to crops. Such areas are confined largely to the more 
absorptive soils and gentler slopes of the wind-erosion sections of the 
Great Plains and other low-rainfall localities of the West. The absorption- 
type terrace may be used with considerable success also on mildly sloping 
sandy land of some of the more humid regions, such as the coastal plain 
of the Southeast. Rainfall rates and infiltration capacity always should be 
known before this type of terrace is used. Figure 178 illustrates the absorp- 
tion-type of terrace. 

Before any mechanical measure for promoting absorption can be made 
fully effective, the soil itself must be in condition for optimum infiltration. 
The porous character of a soil, originally highly absorptive, may be 
seriously impaired by depletion of the organic matter, as the result of 
continuous cropping or the bodily removal of soil by erosion. Under such 
soil conditions, addition of organic matter is generally essential to any 
considerable improvement of the absorptive capacity. 



TEBRACING 


467 


In some localities, field tests of basin listing Have sliown 40 to 60 per 
cent more absorption wliere a legume liad been turned under annually for 
a series of years than on comparable portions of the same field where no 
organic matter was returned to the soil. Avoidance of grazing or cultiva- 
tion when the soil is wet enough to be miry or sticky also aids in the 
maintenance of a favorable condition conducive to infiltration. 

Level terraces have not shown especially favorable results with respect 
to water conservation on cultivated land at any of the Eastern experi- 
ment stations. The ponded runoff is held so long above the terrace before 
it is absorbed that crops frequently are damaged. It is also difficult to 
construct economically terraces with sufficient capacity to handle the 



from melting snow is well distributed and held by the furrows until it soaks into the ground 
to build up reserve moisture for the succeeding crop. Kansas. {Photograph hy Soil Con-- 
servation Service.) 

large amount of runoff. Closed-end level terraces even as far west as 
Guthrie, Olda., have not given favorable results. The use of such terraces 
does not appear to be practicable in localities where the annual rainfall 
is more than ^5 or 30 inches, except on exceptionally pervious soils. 

Beneficial results have been obtained, however, in western Oklahoma 
and Texas where moisture is a limiting factor in crop production. Experi- 
ments at the Oklahoma Agricultural Experiment Station at Goodwell, on 
nearly level Richfield silt loam soil, have shown that level terracing for 
moisture conservation has increased crop yields by 36.5 per cent over a 
ten-year period (1926-1935). All the rainfall was conserved on the terraced 
land, whereas 2.33 inches was wasted annually as runoff from com- 
parable unterraced land. At the Texas Experiment Station near Spur, 
level terracing increased crop yields from 20 to 40 per cent over a 
three-year period. Fields receiving supplemental runoff from adjoining 






terracing 


469 


areas produced 16 pounds of lint cotton and 0.88 ton of alfalfa more per 
acre than comparable areas where all the rainfall was held but to whi^ 
no additional water was diverted. 

CoNSTHTJCTiON. In the construction of level terraces, one of the most 
important objectives is to build them so that they will spread collected 
rainfall over the widest practicable area. Generally, they are built on 
slopes of less than 3 per cent; the ridge is made high enough to spread 
water over a relatively wide area (Pig. 179), and the earth required for the 
ridge is so excavated as to avoid concentration of the ponded runoff. 

Construction of the terrace embankment from both sides (Graph 38) 
is usually advisable, not only because of the gentle slopes but because it is 



Fig. 179. — Cross section of a level terrace in tlie Great Plains, western Kansas. The 
ridge projects well above the surface so as to spread the water over a wide area. The wide 
cross section is necessary to accommodate the large tillage machinery used in this region. 
{Photograph hy Soil Conservation Service,) 

easier to attain the necessary height in this way. Where maximum pond- 
ing effect is desired, the structure must be designed with ample cross 
section, and both ends must be closed. In general practice, i^owever, the 
ends are often partly closed so that excess rainfall can escape before the 
terrace ridge overtops. In some sections, the ends are left open, and special 
outlets are used to dispose of excess water. 

The most desirable spacing for absorption terraces has not been finally 
determined. The ideal spacing would be that which would give the best 
spread of intercepted runoff and minimum interference with tillage prac- 
tices at lowest construction cost. Close spacing will provide more uniform 
distribution of water, but limitations are imposed by the cost and the 
factor of convenience of tillage- These difficulties can he met by spacing 


470 


SOIL CONSERVATION 


the terraces so that they will not interfere unduly with cultivation, 
depending on contour listing between the ridges as an aid in the effective 
distribution of the conserved water. In semiarid regions, contour listed 
furrows are capable of holding and distributing most or all of the surface 
water that ordinarily gathers on a field. The terraces provide the neces- 
sary safety factor for large rains and for those periods when the lister 
furrows are ineffective. 

Reasonably good results can be expected where the terraces are spaced 
so that the ponded water can be flooded from one terrace to the base of the 
next one above (see Fig. ^91, Chap. XXXV, Part ^). With an 18-inch 
terrace and 1 per cent slope, this would permit horizontal spacing at 
intervals of 150 feet. On steeper slopes, the water-storage capacity of level 
terraces with closed ends is often the limiting factor in determining 
spacings. This capacity should be sufficient to take care of the maximum 
accumulation of rainfall that ordinarily can be expected from the con- 
tributing drainage area. Such accumulation may be as high as 8 or 4 
inches under semiarid conditions and 6 or 7 inches in humid areas. Maxi- 
mum spacing for absorption terraces should seldom exceed those recom- 
mended for the runoff-control terraces, particularly where sheet erosion 
is a problem. 


Farming Terraced Land 

Erosion-control efforts too often cease when a system of terraces has 
been installed. It is of greatest importance to recognize the fact that 
terraces may fail completely as the result of faulty cropping and tillage 
practices. Surveys have shown that a surprisingly high percentage of the 
terraces that have been in use for 5 years or more are no longer effective 
because of continuing erosion of the in ter terrace area as the result of one- 
crop farming and cultivation up and down the slopes. Under such poor 
practice, the channels have filled with eroded material, overtopped, and 
the land below has been cut to pieces. In other words, the structures, under 
these conditions, have aggravated rather than alleviated erosion. 

One of the most desirable tillage practices for terraced land is contour 
farming. Opftration of tillage equipment parallel to the terraces also mini- 
mizes the possibility of damage to the ridge and channel. By plowing 
parallel to the terrace embankment and regulating the location of dead 
furrows and backfurrows, terraces can be maintained. In this way, their 
cross sections can be changed to provide the most desirable slopes for 
particular fields (Figs. 180, 181, 182). 

A particularly important point is the desirability of turning uphill as 
many of the interterrace furrows as possible. 

Irregularity of slope and differences in the cross section of the terrace 
embankment and in equipment make it difficult to follow definite rules 
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in plowing terraced land. The plowman has to exercise considerable 
ingenuity, since the starting and finishing points will vary not only from 
field to field but from year to year in the same field. He must keep in mind 



Fig. 180 . — Maintenance of terraces by plowing: A, the channel of the interception-and- 
diversion type of terrace can be enlarged by plowing it out. From the center of the channel 
it is important to turn as many of the furrows uphill as possible to oiBFset the natural soil 
movement down slope. B, the ridge of the interception-and- retention type of terrace can 
be enlarged by backfurr owing to it. The location of the dead furrow should be changed 
from year to year to avoid excessive depression at any one point. 

the most desirable terrace cross section and the principle of maintaining 
and developing the channel by plowing it out. He must look to adequate 
maintenance of the ridge by backfurrowing as well as to the development 
of the most desirable surface slopes over the terrace interval by proper 
regulation of dead furrows and backfurrows. 
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The two-way plow, although not commonly used for plowing unter- 
raced land, appears to have distinct advantages on terraced fields. It 
eliminates the necessity of backfurrows or dead furrows in undesirable 
locations and makes it possible to turn the furrows up the slope. This 



Fig. 181. — A terrace ridge can be made wider and the side slopes reduced by backfurrowing 
toward the ridge. {Photograph by Soil Conservation Service,) 



Pig. 182. — Plowing a terrace to maintain proper cross section. Note how the channel is 
being plowed out and how the lower side of the terrace blends with the general slope of the 
land. (Photograph by Soil Conservation Service.) 


gives the soil an uphill movement which partly counteracts the natural 
downhill movement caused by erosion and tillage. This type of plow has 
been used on terraced land at several of the experiment stations of the Soil 
Conservation Service with distinctly encouraging results. 

Where it is not possible to maintain proper cross sections by the 
regular plowing operations, it will be necessary to use the blade or scraper 
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on tlie terraces at more or less regular intervals. For this purpose, lighter 
terracing machines or home-made V-drags drawn by ordinary farm power 
generally will do a satisfactory job. 

In many parts of the country, strip cropping is combined with terrac- 
ing in a highly effective way. Several methods for arranging the alternate 
strips of close/growing and row crops on a terraced field have been worked 
out. The type of rotation, the particular crops, and the proportional area 
of each to be planted will determine, in part, the arrangement and width 
of strips. In combining the two control measures (Graph 39), it is gener- 
ally advisable to (1) use strips of as nearly uniform width as possible, so 
that rotations may be properly balanced; (^) locate at least one boundary 
line of each strip between adjacent terraces, so that a portion of each 
terrace interval will be protected by a close-growing crop; (3) eliminate 
point rows in so far as practicable by including irregular areas in strips of 
close-growing crops; and (4) make use of the minimum number of strips 
as a means of simplifying field operations. It is important to stress the 
advantage of having the strips of close-growing vegetation to cover at 
least part of each terrace interval, as well as part or all of the terrace 
ridge, rather than merely to have alternate terrace intervals covered. 

The latter procedure provides no better control of erosion than 
would be effected by terracing and rotating the same crops in the usual 
way. 

Point rows can be arranged in various ways, choice of which will 
depend largely on the preference of the land operator. His choice may be 
influenced by such factors as past practice or the type of tillage equipment 
used. Graph 40 indicates three of the more common row arrangements, 
showing point rows in the terrace channel, at the base of the terrace ridge, 
and between the terraces. 

A combination that appears to have some merit is to run the long rows 
parallel to alternate terraces so as to allow the short rows to terminate 
along the intervening terrace. By this method, the point rows terminate 
both in the channel and against the ridge of every other terrace. An objec- 
tion to terminating point rows against the terraces is that they may be 
slightly off the contour and tend to concentrate the turning of tillage 
implements on the terraces. This objection can be offset to some extent by 
using parallel rows on the area occupied by the terrace and by ending 
the point rows just above or below this strip. Another arrangement 
(illustrated in Graph 40) nearly equalizes the digression of the point rows 
from the contour by placing them between the terraces. 

Some farmers object to terracing because of the fear that the practice 
will interfere with their regular farming operations, forgetting that the 
gullies gradually forming in their fields eventually will cause far more 
serious interference with their farming operations. Farming terraced land 
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Erosion- Resistant Strip on Alternate Terraces 




Erosion-Resistant Strip Between or On Consecutive Terraces 
Graph 30. — Three methods for combining strip cropping and terracing. {Soil Conservation 

Service,) 
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Point Rows at Base of Terrace Ridge 
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is not unduly difficult. What is required most is a willingness to give up 
notions about the nonexistent advantages of straight-row farming. 
Although contour farming sometimes introduces some minor incon- 
veniences, the advantages far outweigh these unimportant difficulties. 
Many farmers have learned that even the turning of equipment neces- 
sitated by short rows is not nearly so difficult as expected- 





Chapter XXL Runoff- disposal 
Channelways and Outlets 


Under conditions of virgin vegetation, an intricate system of natural 
drainageways safely conducted excess rainfall from the earth’s surface 
to the oceans. The rivers, with their branching tributaries, formed the 
main channelways of this natural runoff-disposal system. Millions of 
vegetated depressions without definite channels collected and conveyed 
runoff from the crests of watersheds down to the main watercourses. So 
dense was the protective cover, generally, that soil washing and gullying 
were inconsequential in these natural waterways. This widely ramified 
system of protected upstream waterways, together with the relatively 
stable main channels downstream, provided safe and adequate disposal 
of surface drainage for most of the North American continent. 

Today the planning and establishment of adequate runoff-disposal 
systems to handle safely the unutiliased rainfall running off cultivated 
lands of the United States are problems of extensive magnitude and they 
have been long neglected. As the virgin land was plowed up, the pro- 
tective covering was destroyed in the natural depressions, as well as on 
the sloping fields, without much thought of the ultimate results. Millions 
of small and large gullies developed in the unprotected depressions and 
gradually branched out over the land. These land scars aided in the 
general acceleration of erosion that has accompanied the development of 
farming and grazing. 

In the South, terracing has been used quite generally for many years 
to divert runoff from cultivated fields; now the practice is spreading 
rapidly to other parts of the country, not only to control runoff but to 
conserve rainfall. Although considerable care and experimentation have 
been devoted to the construction of the terraces, too little attention has 
been given to the final disposal of excess water at the ends of the struc- 
tures. Increased concentration of water at this point has caused the 
development of numerous gullies that could have been avoided (Tig. 183). 
Remnants of terraces that originally were well constructed and ultimately 
failed because of the lack of suitable outlet protection can be found on 
many farms today. Progressing from the end of the terrace, inward along 
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the channel, numerous terrace channels have thus grown into deep ravines, 
ruining fields and frequently damaging roadways. 

Since 1935, the Soil Conservation Service has been studying the 
problem of establishing practical runoff-disposal systems for terraced 
land. The Service’s opportunity for extensive field observations and 
trials, together with the concentration on the problem of men with 
special training in engineering, soils, and agronomy, has brought marked 
advancement in the technique of providing satisfactory terrace outlets 
and field or pasture drainage ways. Because more information on the 



Fig. 183. — Gully formed at end of terraces because of inadequate outlet protection. Kansas. 
(Photograph hy Soil Conservation Serviec,) 


design and construction of mechanically protected outlets was available 
at the beginning of the work, emphasis was placed on this type of stabili- 
zation. More recent developments, however, have shown that vegetation 
can be used effectively in the protection of terrace outlets and artificial 
channels in most agricultural areas. Where vegetation is properly used, 
its resistance to erosion from concentrated flowing water is proving much 
greater than originally was expected. 

Natural drainageways, such as swales and streamlets, are the initial 
collecting places for runoff that eventually may reach the rivers and 
oceans. Such drainageways often serve admirably as outlets for terraces 
and other artificial waterways. More frequently, however, the outlets 
have to be either stabilized or constructed in their entirety. In order to 
provide for the completely safe disposal of runoff, drainageways are 



BXTNOFF-DISPOSAL CHANNEIiWAYS AND OUTLETS 479 


necessary in cultivated areas, even where terraces are not used. As a 
matter of fact, the establishment of satisfactory drainageways is one of 
the initial problems in developing farm conservation plans in all areas 
where runoff is involved. 

A general classification of outlets and drainageways, now used in con- 
nection with the development of farm conservation plans, follows. The 


/ 


Natural 


Nonchanneled / 
drainageways\ 


/ Grassed depressions and ravines 
Timbered depressions and ravines 
Shrub-covered depressions and ravines 
Rocky depressions and ravines 
Foot-slope seeps 

Foot slopes'of coarse absorptive materials 
Completely vegetated out- 
lets 

Vegetated ^Stripped outlets 

Completely vegetated de- 
pressions 

{ Drop-checked outlets 
Continuously lined, high- 
velocity outlets 
Vegetated and mechani- 
cally controlled outlets 
Absorption outlets 
Accumulation outlets 

{ Streamlet, creek, river 
Partly vegetated washes 
Ravine, gorge, canyon 

Produced by^ 

accelerated /Gullies, bare washes 
erosion 


'Artificial 


Natural 


Miscellaneous 


Channeled / 
drainageways\ 


Artificial 


Graded terraces 
Diversion ditches 
I Stripped, low- velocity channels 
\ Completely vegetated, high-velocity 
channels 

Drop-checked, low-velocity channels 
Continuously lined, high-velocity chan- 
nels (flumes) 

Vegetated and mechanically controlled, 
high-velocity channels 
Storm sewers 
\Aqueducts 
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two main types are channeled and nonchanneled. Both types are used in 
some form or other, under natural or controlled conditions. To the 
fullest extent possible, natural outlets and channels should be utilized 
in the disposal of excess runoff. 

Artificial Channels and Outlets 

Since many of the lesser natural drainage ways have now been dam- 
aged by accelerated erosion, it is necessary either to construct new ones 
or repair or rebuild old ones to provide adequate means for the safe 
disposal of runoff. In the repair or reconstruction of old drainageways, 
the most satisfactory method is to reproduce natural conditions as nearly 



Fig. 184.— Stabiliza Lion of terrace discharge cliannelway with oat strip interplanted with 
grass. (Photograph by Soil Conservation Service.) 

as possible. Frequently, soil type, climatic conditions, or the artificial 
practices of agriculture make it advisable or necessary to modify the 
natural process of runoff disposal. Accordingly, a variety of artificial 
outlets and drainageways are now being used extensively to meet the 
requirements of such local conditions. 

Vegetation, in the form of either strips or a dense cover of grass, or 
other plants, as well as plantings of trees, vines, and shrubs, is being 
extensively and effectively employed in the protection of runoff channel- 
ways and outlets (Fig. 184). Runoff from terraces, diversion ditches, and 
field or pasture water channels generally can be discharged safely over 
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a firmly vegetated slope. Shallow, vegetated depressions usually are 
preferable to narrow, deep depressions or vegetated channels. Where 
grass is used as the stabilizer, the broad, shallow outlets or waterways are 
referred to as meadow strips or pasture strips, according to the use made 
of the forage. 

Specially constructed vegetated channels are necessary in many fields 
and in some pastures where natural depressions suitable for meadow or 
pasture strips are not available. Because of increased velocity and depth 
of flow caused by the restricted cross section of such artificial channels, 
considerable precaution is necessary in their design, construction, and 
stabilization. 

The use of mechanical outlets usually is limited to terracing systems 
and diversion ditches. Soil and climatic conditions imfavorable to the 
growth of suitable vegetation, however, may make it necessary to use 
them for practically all water-disposal purposes. 

Low-velocity mechanical outlets are made by using a series of drop- 
check structures at intervals to reduce the channel grade. This slows the 
flow of water and prevents scouring. High-velocity channels are provided 
by the use of a continuous lining of some erosion-resistant material, 
such as masonry, asphalt, or metal. 

A number of special types of outlets, designed to meet local conditions, 
are being used satisfactorily in various parts of the country. In combina- 
tion outlets, both vegetative and mechanical protective measures are 
used in the same channel or waterway. With these, vegetative measures 
generally are used in the upper reaches and mechanical measures along 
the lower section, where a greater volume or concentration of water may 
be expected. The absorption type of outlet, such as the contour furrow, 
ditches, and embankment, is used sometimes in areas of low rainfall to 
collect and hold the runoff until it is absorbed by the soil. In limestone 
areas, where sinkholes are not uncommon, it is sometimes possible to 
dispose of runoff through the sinks. Occasionally, accumulation outlets 
are employed as a means of disposing of the discharge from terraces. 
These consist of ponds or dugouts and can be used to provide water for 
stock, recreation, or wildlife. 

In the reorganization of farm plans for the establishment of proper 
land use and soil and water conservation measures, the planning of an 
adequate system for the control of surface water and the disposal of 
runoff is usually one of the first problems to be considered. Wherever 
there is any considerable slope, control of runoff on most cultivated land 
and on much grazing land is imperative, since some runoff generally is 
produced in nearly all areas used for these purposes. 

In planning runoff-disposal systems, it is always necessary to con- 
sider the relation of the outlets to adjacent land on the same farm as 
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Geaph 41. — A shows how natural drainageways cross farm boundary lines; B shows the 
details of a runoff-disposal plan for Farm No. 4. Fields a, d, 6, and / are sLrip-cropped and 
terraced, b is woodland and g pasture. Note that all water channels and outlets are adjusted 
as nearly as possible to the natural drainage system, and that use is made of the advan- 
tages of woodland and pasture for safe disposal of runoff water. (Soil Conservation Service.) 
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well as to the land of adjacent and downstream farms. Where a com- 
plete water-disposal system is not planned at the outset, a series of 
unrelated and relatively costly channelways and outlets frequently have 
to be installed. Because of interference by farm roads, fences, buildings, 
field property lines, and topographic features, such installation usually 
develops many unforeseen difficulties and inefficiencies. 

As a rule, natural depressions provide the most satisfactory and 
least expensive drainageways for disposal of excess rainfall. In so far as 
practical, therefore, it is generally advisable to base the entire runoff- 
control system on these natural drainage lines. 

Graph 41 shows how natural drainageways frequently intersect farm 
boundary lines without relation to conservation measures or plans 
developed for individual farms. It also illustrates how a system of runoff 
controls for individual farms should be planned in relation to the natural 
drainage of adjacent farms. Properly planned, drainageways usually can 
be established so that integral parts on individual or adjacent farms can 
be fitted together without difficulty or extra expense when the final job 
is completed for the entire drainage unit, which may include several 
farms. The number of lateral drainageways required will depend not 
only on the topographic features but also on the type of soil conservation 
practices used. Where runoff-interception measures, such as terraces and 
diversion ditches, are used to divert the off flowage from one or more 
minor depressions, the number of drainageways that must be planned 
is naturally reduced. As land use and soil conservation plans are devel- 
oped, the location of field boundaries, fences, meadow and pasture 
areas, and even farm roads often can be adjusted to facilitate economical 
establishment and maintenance of the selected drainageways. Por 
example, pasture and meadow areas frequently can be arranged to 
include the main depressional drainageways, so that adequate grass cover 
will be provided and the principal maintenance requirements will be 
taken care of in the subsequent grazing and mowing. 

Wateb Disposal on Unterbacel Lane. Where farm crops are 
produced on unterraced land, wide grassed waterways frequently are 
used for conducting the runoff down slopes that are steep enough to 
produce erosive velocities. Installations should provide for continuous 
protection of the main water-carrying depressions from field to field 
and from farm to farm until a stabilized watercourse is reached. If con- 
tinuous protection is not provided, overfalls usually develop and under- 
mine any inadequately protected points. Occasionally, where grassed 
waterways are not economically feasible, or where large amounts of 
runoff are involved, it is necessary to provide partial or even complete 
structural protection. 

Protection of depressional drainageways on cultivated areas where no 
runoff-control measures are employed is sometimes more difficult than 
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on terraced land. Where the topography is rolling, the upper reaches of 
watersheds usually branch out into numerous natural depressions, all of 
which carry runoff to the main drainageways. If these depressions are 
close together, efforts to establish adequate protection may lead to 
numerous grassed strips interlarding the field to such an extent that 
economical tillage is impossible. This situation, which is particularly 
troublesome in areas where large tillage machinery is used, can be cor- 
rected by retiring the entire field to a permanent cover or by using 
applicable runoff-diversion measures to reduce the number of vegetated 
drainageways. 

Water Disposal on Terraced Land. The problem of locating 
and establishing terrace outlets is inseparably associated with the plan- 
ning of the entire terracing system. The cost of terrace construction and 
the ultimate success of the structures are dependent on proper outlet 
planning. On the other hand, a slight variation in the location of the 
first terrace or in the vertical interval between subsequent terraces 
may make it possible to discharge the runoff at a point where the whole 
problem of outlet protection is greatly simplified. Sometimes the direc- 
tion of the terrace grade may be changed to advantage near the center, 
so as to distribute the runoff over established cover on adjoining areas. 
Where a special outlet strip or channel is required, savings often can be 
effected by directing the water flow from terraces toward it from two 
sides, so that the outlet will serve a larger area. 

As a general rule, all terrace outlets should be planned so as to pro- 
vide continuous protection from the upper terrace, on down the slope 
to a stabilized watercourse. All unnecessary bends in outlet channels 
should be avoided. Where runoff is discharged from higher points, it is 
necessary to provide outlets that will carry this additional water. 

Unprotected roadside ditches and expanding gullies should be avoided 
as terrace outlets. In some instances, however, it may be desirable for 
the farmer and the highway maintenance agency to develop a joint out- 
let channel that serves the purpose of disposing of runoff from both the 
terraces and the highway. Similarly, it is frequently advantageous for 
two or more landowners having terraced fields within the same drainage 
unit to arrange for a common outlet system. 

It is always important to determine the most satisfactory location for 
both terraces and outlets in advance of construction because, once estab- 
lished, relocation is a costly and diflicult procedure. Improperly located 
and inadequately stabilized outlets may raise the cost of construction and 
maintenance so much that terracing becomes economically impractical. 

Usually, the simplest and most economical type of outlet for terraces 
and diversion ditches is that where the water can be discharged directly 
on an established sod or other vegetative cover that will withstand the 
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impact (Fig. 185). Although good pasture or meadow sod generally gives 
the greatest degree of protection, unburned, ungrazed woodland some- 
times can be used satisfactorily, particularly on moderate slopes. 

The development of natural depressions into meadows or pastures 
as discharge areas makes dual use of land that frequently lies unproduc- 
tive. For such meadow-strip outlets, wide, shallow depressions, with 
slopes not -exceeding 5 or 6 per cent, are preferable. The width required 
for efficient results will depend on the slope and the size of the area 
drained. Generally, a minimum width of 1 foot should be provided for 
each acre within the contributing watershed. Seldom, however, should 



Fig. 185 . — Nonchanneled, vegetated depressions of this kind are capable of disposing of 
large quantities of runoff without danger of gullying. They frequently make the best 
meadows on the farm. Iowa. {Photograph by Soil Conservation Service.) 


SL meadow strip be less than 100 feet wide, since narrower areas usually 
cannot be utilized satisfactorily for grazing or hay production. 

Where suitable natural channelways or outlets are not available, 
vegetated channels are resorted to in those localities where an adequate 
stabilizing sod can be established and maintained. It is important that 
the cross section of such artificial waterways be designed to prevent flows 
of scouring velocity. The amount of water that can be carried safely 
by such a channel is limited by the gradient, the cross section, the 
permissible channel velocity (usually 5 to 8 feet per second), and the 
maximum practicable channel width (usually 15 to ^0 feet). When larger 
amounts of runoff must be disposed of, two or more parallel channels are 
provided. Table 38 gives recommendations fo:' depth and width of 
vegetated channels. 




Table 38. — Specifications for Depth and Width of Sodded Terrace Outlet Channels with 4 to 1 Side 

Slopes to Discharge E-unoff as Indicated^ 



^ S to 1 side slopes axe used for the channels on 2 per cent slopes. The velocities designed for this table do not exceed 8 feet per second or fall below S feet per second, except 
in some of the smaller channels carrying small amounts of runoS. As a factor of safety, the channel should be made 6 inches deeper than specified in the table. With steeper 
side slopes or with less stable sod, wider bottoms usually are necessary to reduce the velocity. 
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Mechanically stabilized channelways and outlets are necessary in 
those localities where soil and climatic conditions prevent the establish- 
ment of adequate vegetative protection and also where excessively large 
volumes of runoff water must be disposed of. 

Mechanical protection is most commonly used as a supplement to 
vegetated water-disposal structures. Weak points in vegetated struc- 
tures, particularly toward the lower ends, often call for some measure of 
mechanical support. 

Construction of Runoff Channels and Outlets 

Individual terrace outlets should be so placed and shaped as to permit 
the minimum concentration of discharged runoff on vegetated slopes 



Fig. 186. — Terrace outlet properly shaped for spreading runoff discharge thinly over a 
grass-protected slope. {Photograph hy Soil Conservation Service.) 


(Pig. 186). In order to discharge the runoff in a broad, shallow sheet of 
low erosiveness, the lower end of the terrace channel must be made broad 
and flat. Protective vegetation should extend up into the terrace channel 
(Pig. 187), so the flat cross section can be maintained and the develop- 
ment of overfalls prevented. Where the natural slope below the terrace 
outlet is at right angles to the terrace flow, it is good practice to extend 
the upper terrace a considerable distance into the grassed discharge slope. 
Such extension should be reduced progressively for each successive terrace 
down the slope, in order that the possibilities of concentration of the dis- 
charge water may be minimized. 
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To insure proper discharge, the bottom of the outlet channel should 
be several inches lower than the discharge end of the terrace channel. 
The overfall here should be sloped at a grade of at least 8 to 1 and well 
sodded to prevent cutting back into the terrace channel. 

Where outlet vegetation is established before a terrace is constructed, 
it is generally advisable, if regular terracing machinery is used, to termi- 
nate the terrace construction far enough away to allow ample room for 
turning without damaging the outlet vegetation. The gap can be com- 
pleted with scrapers. 



Fig. 187. — Vegetation for protection of terrace outlets should extend some distance 
into the terrace channel to prevent overfall erosion, {Photograph hy Soil Consermtion 
Service.) 


Excavation and filling should be reduced to a minimum. By careful 
selection, depressions frequently can be found that will serve as satis- 
factory disposal outlets without protective treatment. But where small 
gullies, hummocks, ridges, or shrubs are present, it usually will be neces- 
sary to level off the area and remove the shrubs. The presence of trees or 
shrubs in water channels of any type is generally undesirable because of 
their tendency to obstruct, divert, or concentrate the flow and produce 
troublesome meandering currents. 

Where vegetated channels are to be used as outlets, some excavation 
is often required to provide the necessary channel cross section (Pigs. 
188 and 189). This generally can be done most effectively with a grader, 
terracing machine, or scraper. All outlet channels should be shaped with 
as gentle side slopes as possible (usually 4 to 1 or less, that is, a fall of 
1 foot in a horizontal distance of 4 feet), so that mowing and maintenance 


RUNOFF-DISPOSAL CHANNELWAY8 AND OUTLETS 489 


work will not be hampered. Where the topsoil is shallow, the subsoil 
unproductive, and grass difficult to establish, it has been found desirable 
sometimes to restrict channel excavation to a minimum and to build 
up the sides, or channel berms, as much as possible from the outside. 



Fig. 188. — Narrow terrace outlets with insufficient vegetative protection soon develop 
into gullies. Texas. {Photograph by Soil Conservation Service.) 





Fig. 189. — Development of proper channel cross section for outlet shown in Fig. 188. 
{Photograph by Soil Conservation Service,) 


V^EGETATED OuTLETS. It IS both, hazardous and expensive to under- 
take establishment of vegetated outlets at the same time that they are 
being used for water disposal. Seed, fertilizers, and young plants are 
washed out readily, unless special precautions are taken. Ordinary seed- 
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ing methods, along with necessary fertilization, usually will provide the 
most economical means of establishing an effective cover (Figs. 190, 
191). Sometimes the placing of sod over the entire channel or in strips 
across it will provide adequate protection, but this is more costly than 
ordinary seeding. Moreover, it is difficult to anchor newly placed sod 
in some channels. 

As already indicated, best results in the stabilization of terrace out- 
lets with vegetation can be attained generally by doing the work before 
the terraces are completed. On some farms, where^ several types of out- 



Fig. 190. — With proper care this broad grassed channel not only \Yiil dispose of the 
runoff from the contributing watershed without gullying, but will produce considerable 
hay. A masonry structure at the lower end safely delivers the water to a stabilized outlet. 
Kentucky. {Photograph hy Soil Conservation Service.) 

lets may be necessary and where all necessary terracing work cannot be 
done at once, those areas for which natural outlets are available, or for 
which channels with solid sodding or mechanical protection are required, 
can be terraced while seeded vegetation is becoming established in other 
outlets. Still another plan that may facilitate the use of seeding and 
reduce the cost of establishing vegetated outlets is to divert runoff from 
the terraces through a temporary outlet until plantings in the permanent 
outlet are well established. 

In some localities, sod has been established successfully on seeded 
outlets with the aid of a mulch of straw, brush, or old hay, applied at the 
rate of 2 or 3 tons per acre and anchored with wire. A good mulch not 
only protects the seedbed from erosion but aids in the conservation of 
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enough moisture to encourage germination and growth of the grass. Such 
mulching material is usually rotted sufBciently by the time the grass 
has become established to make its removal unnecessary. 

The use of strip sodding generally is restricted to moderate slopes 
(5 per cent or less) and to relatively small drainage areas (15 to ^0 acres 
or less) where the volume of runoff is not too large. Even with these 
limitations, however, there have been some failures. In other instances, 
some repair has been necessary because of the tendency, particularly on 
friable sandy soil, for overfalls to develop along the strips. The sod 



Fig. 191. — Well-grassed, broad, disposal channels effectively handle large volumes of 
runoff. No erosion took place in this adequately protected channel, near Hartford, Conn., 
during the heavy downpour accompanying the September, 1938, hurricane. {Photograph 
hy Soil Conservation Service.) 

strips are usually cut 12 inches wide and 1 to 3 inches thick. Sometimes 
they are placed in trenches cut to the dimensions of the sod across the 
bottom of the outlet channel. In other instances, they are laid on the 
surface of the channel, while the spaces between them are filled with 
good soil and seeded. Regardless of which method is used, the upper 
surface of all strips should be flush with the bottom of the completed 
channel in order to reduce turbulence and the consequent danger of 
washing out during heavy rains. 

Sod strips are spaced anywhere from 3 to 6 feet apart, according to 
the slope of the channel, but a 4-foot interval is most commonly used. 
Usually, the vertical interval between strips probably should not exceed 
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the thickness of the sod. The strips should be extended up the sides of 
the channel to at least the maximum depth of runoff that may reasonably 
be expected. 

The cost of strip sodding is almost as great as for solid sodding. Since 
the latter generally gives better results, strip sodding is used chiefly in 
those localities where not enough sod is available for solid channel lining. 

Spot and broadcast sodding are used to establish Bermuda grass from 
root stolons. Spot sodding is accomplished by planting root sprigs in 
handmade holes, spaced on 12- to 24-inch centers, with 2 to 3 inches of 
soil packed around the roots. Another method of spot seeding is to drop 
the sprigs at more or less regular intervals and then plow or disk them in. 
The latter procedure is most economical where such equipment can be 
used and where large areas are to be covered. 

For broadcast sodding, the sod source area is usually disked so as to 
cut up the roots and mix them with the topsoil. This mixture is then 
removed with shovels, scrapers, or fresnos and spread over the area to 
be sodded in a continuous layer. In some localities, manure spreaders 
have been used for this purpose. After spreading, the land usually is disked 
and packed. This has the advantage of adding considerable topsoU, as 
well as roots, to unproductive areas. The resulting mulch offers some 
resistance to erosion, although it is not nearly so effective in this respect 
as solid sodding. The economy of broadcast sodding is largely due to the 
fact that the gathering and planting procedure can be handled^ almost 
entirely by machinery. 

In bluegrass areas where seeding has been impractical, solid sodding 
has given, the most satisfactory results. Even in the Bermuda-grass 
sections, solid sodding frequently has been necessary where an immediate 
channel cover is required or where slopes are steep. With this method, the 
sod is cut from a well-grassed area, laid in continuous strips across the 
channel, and thoroughly tamped in place. It is cut generally in strips 
1 foot wide and 1 to 3 inches thick. Although thicker sod is more difficult 
to handle, it provides more topsoil and offers greater initial resistance 
to washing out. To protect newly laid sod from heavy runoff before the 
roots have anchored the strips, it frequently is necessary to stake or 
staple the sod at regular intervals. Anchorage by lightweight woven wire 
and stakes has even been necessary in some instances. The use of com- 
mercial or homemade sod cutters will materially reduce sodding costs. 
Transportation on 6- to 10-foot boards, rather than attempting to roll 
it, also has facilitated operations. 

Mechanically Protected Outlets. Where mechanical protection 
is necessary in terrace outlets, low permanent structures of the weir- 
notch type generally are used. Temporary structures usually have proved 
ineffective (Fig. 192). 
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Notch dams may be built of brick, stone, reinforced concrete, precast 
concrete blocks, or a combination of these materials. The local availability 
of materials frequently will determine the type of structure used. Where 
suitable rock is available without expensive quarrying and hauling, 
rubble masonry construction is usually the first choice. In order to pro- 
vide a more stable structure and eliminate danger of cracking, reinforced 
concrete is preferable for the apron slab and cutoff walls, regardless of the 
kind of material used in other parts of the structure. 



Fig. 192, — Tlie use of temporary structures in runoff channels generally gives insufficient 
protection from erosion, {Photograph hy Soil Conservation Service!) 


The apron slab should have a minimum thickness of 4 inches for dams 
up to feet high. Above that height, this minimum thickness should be 
increased about 1 inch for each % feet, or fraction of a foot, of additional 
height. 

General specifications for the construction of small masonry check 
dams are given in Graph 4S. Where structures higher than 4 or 5 feet are 
required, it is advisable to have separate plans and specifications pre- 
pared by a competent engineer. 

In order to reduce the hazard of washouts, care should be taken to 
provide (1) ample notch capacity to take care of the runoff from the 
contributing drainage area, (2) impervious foundations, and (3) checks 
to seepage around the structures. The headwall should extend well into 
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the bottom and sides of the channel excavation, and an impervious type 
of clay should be tamped firmly around the structure to prevent seepage. 
Particular care should be taken that the extensions penetrate far enough 
into the soil to provide adequate protection even after the sides of the 
ditches slough off to a natural angle of repose. 

Outlets to be protected by mechanical structures should be excavated 
to accommodate the structures and the amount of runoff to be handled. 
Although full excavation of outlet channels is not always necessary where 
structural protection is to be provided, it usually is desirable wherever 
convenient, so that the sides can be sloped and the berms leveled off and 
vegetated. In some instances, only enough excavation is done to open up 
the channel, scouring by subsequent runoff being depended on to remove 
the remaining earth. Structure locations must be excavated at least 
to the outside dimensions of the installation; and where the concrete 
cannot be poured directly against the earth, additional excavation usu- 
ally is required to provide adequate working space around the structure. 

The weir notch of terrace-outlet check dams seldom should be less 
than 18 inches deep, and the elevation of the weir crest should be at least 
1 or 2 inches below the channel elevation at the terrace outlet. This drop 
provides some allowance for rough construction and avoids the possibility 
of restricted terrace drainage as a result of the crests being finished 
higher than the bottom of the terrace channel. Where exceptionally 
large volumes of runoff are expected, it may be desirable to deepen the 
notch to avoid excessive structure widths, but extreme care must be 
taken to protect the drop from the terrace channel to the weir crest 
elevation in order to prevent overfalls from cutting back along the 
terrace channel. This critical point should be sloped and sodded. A grade 
of one-fourth of 1 per cent from the weir crest of the lower dam to the 
bottom of the apron slab of the dam immediately above usually will 
provide stable channels between structures. 

It is generally advisable to use only one outlet structxire for each 
terrace interval. On the steeper slopes where two structures per terrace 
interval may be necessary, the second structure is usually located midway 
between the terraces. Where bends occur in structurally protected outlets, 
the structure should be located so that it will discharge runoff parallel 
to the direction of the channel below the structure.^ 

^For further discussion of runoff-disposal channels and outlets, see Farmers^ Bull. 
1814, U. S. Dept. Agr., by C. L. Hamilton. 





Chapter XXIL Subsoiling and 
Other Subsurface Tillage Operations 


Subsoiling of agricultural land is the process of mechanically loosen- 
ing or fracturing the subsurface material in order to increase infiltration of 
rainfall, penetrability to plant roots, and aeration. Several types of 
machines are employed in the accomplishment of this form of subtillage. 
One commonly used is the chisel cultivator (Fig. 193), a machine carrying 
one or more points capable of penetrating and loosening the subsoil to 
depths ranging usually from about 12 to 18 inches. Another more powerful 



Fig. 193. — A single-point subsoiler of chisel type, capable of fracturing soil with 
brittle clay subsoil to a depth of 30 inches, when dry. {Photograph by Soil Conservation 
Service.) 


machine of similar type, sometimes referred to as the pan breaker, is 
capable of penetrating to depths of as much as 30 inches. The gyrotiller 
(Fig. 194), with a set of strong revolving points, is used to pulverize sub- 
surface material to depths below that of ordinary plowing. 

As used in soil and water conservation work, the primary objective 
of subsoiling is (1) to conserve water by improving the physical condition 
of the soil for absorption of rainfall and (2) reduce erosion by decreasing 
runoff. Until recently, the method was looked upon simply as a mechani- 
cal measure for increasing crop yields. These distinctions are of no great 
importance from the standpoint of the mechanical principle employed, 
since the three objectives are approached by breaking up intractable sub- 



mechanical penetration and type of implement required, however, the 
distinction may take on considerable importance. For example, if rain- 
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fall storage is the primary purpose, it may be desirable in localities of 
high rainfall to fracture the sublayers to maximum practicable depths, 
whereas shallower depths of subsoil fractionation or pulverization may 
be preferable if the objective is merely to increase the yield. 

The chisel type of subsoiler is employed sometimes to break up tough 
subsurface materials in order to facilitate the construction of terrace 
fills and earth dams and to loosen the sublayers of terrace channels (Pig. 
19o) and contour furrows so as to provide deeper penetration of water 
and better seedbed preparation. 

Subsoiling has been practiced rather sparingly in the United States. 
In various other countries, it has been used for a good many years. 
Probably the practice has been followed most extensively in England, 
Cuba, and Puerto Rico. In the United States, it probably has been used 
more widely in California, on lands having tough clay or hardpan subsoil. 
In Louisiana, the gyrotiller has been used to some extent in sugar cane 
tillage for several years. Subsoiling has been experimented with in many 
localities, with widely differing results reported. The cost, together with 
frequent reports of ineffective results, as measured by crop yields, appears 
to have militated against development of the practice. 

Very little information had been accumulated in relation to the 
value of subsoiling in soil and water conservation until recently; and 
even now, little in the way of quantitative data is available. Results 
obtained in various localities on soil and water conservation demonstra- 
tions indicate the immediate need for additional information, especially 
with respect to the technique of subsoiling as well as to soil, slope, and 
climatic adaptability. 

Adaptability and Results Obtained 

Subsoiling, or knifing , has been practiced extensively on some of the 
large centrals of Cuba in preparing land for sugar cane. Studies made by 
the author in collaboration with R. V. Allison revealed that although 
some soils are benefited markedly by the practice, no striking beneficial 
effects are discernible on others.^ It was found that soils like the Truffin 
clay, which assumes an almost stonelike condition in the dry season, with 
the loss of almost all available moisture to depths of 4 feet or more, 
shatter or fracture in a highly favorable way when deeply knifed in the 
dry condition. The tough subsoil Is opened to penetration by plant roots, 
rainfall, and air to a degree that essentially amounts to changing the 
soil to a different type. Knifing of such land sometimes results in 
doubled, trebled, or even quadrupled yields of sugar cane, and the effects 
last 4 or 5 years or longer. 

1 Bennett, H. H., and Allison, R. V., **The Soils of Cuba.'* 1928. 
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On the other hand, those soils having highly plastic, dense clay subsoil, 
such as the Yaguajay or Bayamo clay, are not benefited noticeably by 
deep subsoiling. The first soaking rains cause the clay to flow back into 
its original condition of density and imperviousness, without leaving 
any observable beneficial effect. 

Considerable experimental work has been carried on in England in 
connection with rotary cultivation and subsoiling. Some farmers are now 
using this method of soil preparation as a standard practice. Culp in, 
experimenting with both light and heavy soil in west Cambridgeshire, 
reports favorable results from deep tillage.^ 

In southeastern United States, results of soil and water conservation 
work indicate that soils having brittle clay subsoil, such as those of the 
Cecil group, are benefited by subsoiling on the contour. On the other 
hand, those with very plastic clay subsoils, such as Iredell, and still 
others with open and friable subsoil, like the Durham, apparently are not 
markedly benefited. Experiments in Utah, Illinois, Pennsylvania, Missis- 
sippi, and Texas cast considerable doubt on the value of subsoiling on 
the types of land tested in those states. 

Subsoiling has become a rather general practice in California in those 
Irrigated and nonirrigated localities where the subsoils are hard or com- 
pact. Here, the land is subsoiled on the contour, at Intervals of about 
5 feet, in advance of the fall rains. This operation results in shattering 
the upper 18 inches of the soil profile into large clods which gradually 
soften and crumble with succeeding rains. The work definitely retards 
runoff, increases infiltration, and aids in the maintenance of yields. 

Investigations of the effects of subsoiling at 12 Great Plains field 
stations of the Office of Dry Land Agriculture, Bureau of Plant Industry, 
have not indicated, on the areas treated, any very marked trend toward 
increased moisture storage. ^ 

Investigations conducted in 1936 by Sidney Burton and H. L. Loben- 
stein of the Forest Service, near Mangum, Okla., indicate that subsoiling 
previous to the planting of trees (Fig. 196) greatly increases first-year 
survival and growth.^ 

Measurements of water penetration on the Goshen Hole soil and 
water demonstration project, near Torrington, Wyo., show that three 
days after a 0.64-inch, 20-minute July rain, moisture had penetrated to 
depths ranging from 25 to 50 inches on land contour-chiseled to a depth 
of 18 inches, whereas no moisture was found below depths of 12 to 14 

1 Culpin, Claude. The Effects of the Fowler Gyrotiller on the Soil, Jour» Agr. Sc 2 .,VoL 
26, Part 1, Cambridge University Press, London, 1936. 

2 Chilcott, E. C., and Cole, J. S. Subsoiling, Deep Tilling, and Soil Dynamiting in the 
Great Plains, Jour. Agr, Research, Vol. 14, September, 1918. 

3 Forestry News Digest, June, 1937. 
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inches (Graph 43) on adjacent untreated land. Results of a single rain 
are not at all conclusive, of course, but they may be indicative of possible 
benefits to be derived from contour subsoiling under conditions like those 
of this area. 

The fracturing effects of subsoiling different kinds of land in the North 
Carolina Piedmont are illustrated by Graph 44. Profiles A and B of this 
graph indicate the probable futility of subsoiling land having sublayers 
of friable sandy clay and plastic clay, respectively; and profiles C and D 



Fig. 196. — A subsoiling machine used in tree-planting operations. {Photograph by Soil 

Conservation Service.) 

indicate the possible value of subsoiling those types having brittle clay 
subsoils. 

The general trend of experimental work in the United States has 
tended to discourage the practice of subsoiling, especially from the stand- 
point of its effect on crop yields. Yet definite success obtained under 
certain conditions indicates that insufficient information on the subject 
is available for the country as a whole. From the standpoint of soil and 
water conservation, it appears that although soils having either loose, 
friable subsoil or highly plastic clay subsoil are not likely to be bene- 
fited, generally, by subsoiling, those having brittle clay subsoils that 
become very hard or compact on drying frequently can be benefited by 
the practice, if applied when dry. 
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Graph 43. — Moisture penetration on range land (1) chiseled to a depth of 18 inches and (^) untreated adjacent land, three days 
after a 0.64-in. rain falling in 20 minutes. Near Torrington, Wyoming, July 16, 1937. (iSm7 Conscrvafion S^crmce.) 
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Graph 44, — Profiles of soil disturbance by subsoiling, near Greensboro, N, C. : 

A, Durbam sandy loam, with friable subsoil, chiseled to depth of 30 inches without 
apparent breakage aside from faint cracks near line of penetration by blade. Slight amount 
of upheaval indicates soil structure was not changed appreciably. 

B, Iredell sandy loam, with plastic clay subsoil below 7 inches, chiseled 18 to 24 inches. 
M represents cavity left in subsoil by the foot of the blade. Tf represents undisturbed area. 

C, Appling sandy loam, with moderately brittle clay subsoil, chiseled to 28 inches. 
0 represents area of complete breakage. Distinct fracturing from foot to point of transition 
between sandy loam soil and clay subsoil. Breakage assumed to have extended from this 
point vertically to the surface, as indicated by dotted lines. U represents undisturbed 
section. 

D, Cecil sandy loam, with brittle clay subsoil under 5 inches of sandy loam topsoil, 
chiseled to 26 inches. 0 represents area of complete breakage. Large fragments, with very 
distinct cracks, except near foot where the fragments were small (much soft rotten rock at 
this depth). U represents undisturbed section. 

(Soil Conservation Service.) 
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Use of Explosives to Break Hardpan 

In some localities, particularly in Pacij&c Coast areas of hardpan soil, 
explosives have been used successfully to break rocklike sublayers in 
preparing land for planting of fruit trees. Where soil depth over such 
impenetrable material is too shallow for cultivation, this seems to be the 




Fig. 197. — Upper, rough cloddy surface formed by plowing up clay subsoil, Texas 
Panhandle country; lower, interception of surface-drifting sand by rough cloddy land sur- 
rounding dunes. {Phoiogra'phs hy Soil Conservation Service.) 


only feasible method for bringing land of this kind into use other than 
for grazing. 

Scarification of shallow rocky land has been practiced with some 
degree of success for planting subtropical fruits in the southern Florida 
Peninsula. The limestone areas of this section are so pitted with holes 
that most of the soil is concealed in the cavities; and in order to prepare 
any semblance of a seedbed, either dynamiting or scarification is neces- 



Fig. 198 . — ^Enormous turning plows, drawn by a tandem of tractors, are used to bring up productive soil that has been covered to depths of 
4 feet or more by relatively unproductive debris of erosion. This plow is capable of turning a furrow 6 feet in depth. It is used in parts of California 
for turning up productive soil covered by overwash or erosion debris. {Courtesy Post BrotherSf Sarda Ana, Calif,) 
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sary. Scarification is so expensive, however, that it can be practiced 
only where high-value crops, such as citrus, are grown. 

Upturning of Subsurface Material 

The plowing up of relatively heavy subsoil material in order to mix it 
with loose sandy topsoil, or to safeguard such topsoil from blowing by 
scattering clods of clay over the surface, has been practiced successfully 
in parts of the Southern Plains (Fig. 197) and to some extent in areas 
farther west. 

Reclamation of land by turning up soil that has been covered with 
unfavorable sand, shale, and gravel washed from adjacent uplands or 
deposited by floods is an important practice in parts of California where 
high-priced orchard lands are subject to such damage. Enormous turn- 
ing plows drawn by a tandem of tractors are sometimes used to bring up 
productive soil that has been covered to depths of 4 feet or more (Fig. 
198). This is accomplished with an adjustable blade in front of the big 
plow. The blade scoops the sand down into the gigantic furrow made by 
the previous passage of the plow. Then the great turning plow comes 
along and turns up the old productive soil on top of the unproductive 
over wash. 





Chapter XXIII. Gully Prevention 
and Control 


Gullying became a serious problem in America soon after the begin- 
ning of agriculture. Various methods of control were used in early days, 
but re vegetation generally proved most effective. Washington informed 
his overseer in 1795 that immediate profit was not so much an objective 
as the bringing of worn-out and gullied fields into condition to produce 
grass. 

Straw, weeds, and other vegetative refuse were commonly used to 
fill gullies or to prevent fields from further gullying. In these haphazard 
attempts to check the growth of ravines, the principal diflSculty was to 
hold in place the materials used. Dams of stone, brush, and logs were 
tried, but they generally failed, primarily because of faulty construction 
and failure to provide adequate protection against undercutting at the 
point of overfall. Most farmers used loose brush alone; others wisely 
permitted the establishment of volunteer vegetation — weeds, grass, 
vines, shrubs, and trees. Some aided this process of stabilization or 
reclamation by planting honeysuckle and other soil-binding vegetation. 
In a few instances, farmers undertook to hasten stabilization by plowing 
in the sides of gullies. 

From time to time, various organizations, individual farmers, and 
other interested people attempted to advance and spread knowledge of 
gully control by education or demonstrational work; but it was not until 
1933 that truly widespread action on a nation-wide scale began, under the 
work program of the CCC camps and the Soil Conservation Service 
(then Soil Erosion Service). Since then much progress has been made. 
New techniques have been developed; public understanding and approval 
have been gained; and several million gullies have been controlled. No 
longer do these gullies gouge farther into productive farm and grazing 
land; pour unproductive subsoil over rich farm lands downstream; or 
fill reservoirs, streams, drainage ditches, and irrigation canals with silt. 
No longer do they hasten the flow of rainfall into flood streams. Many of 
them, stabilized with grass and other vegetation, have been converted 
into useful channels for the orderly disposal of runoff. Some controlled 
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gullies are now utilized, incidentally, for grazing and for the production of 
hay; others are serving as sanctuaries for wildlife. 

Nevertheless, no more than a good beginning has been made. Surveys 
indicate that more than 200 million gullies have sliced into the landscape 
of the nation, and new ones are being opened with every heavy rain. 
Not one of the 200 million gullies "was here when white man came to 
America. 

Causes and Types of Gullying 

The principal cause of gullying is the removal of the protective cover- 
ing of vegetation from the land, followed by cultivation and grazing 
without provision for retarding the resultant accelerated runoff. Other 
alterations of natural conditions have contributed much to the spread 
of gullying, such as cultivation up and down slopes, construction of 
faulty water channels (ditches, terraces, diversions), roadways, livestock 
trails, mining operations, and the obliteration of vegetation by smelter 
fumes. 

The types of gully erosion can be classified into three broad groups: 
channel waterfall, and mass movement 

Channel Gullying. Vastly more gullying has had its beginning 
in artificial channelways, whether starting as a furrow or stock trail 
(Fig. 199) or in a natural unchanneled waterway stripped of its cover, 
than in any other way. If not checked, runoff concentrates in such lineal 
depressions and either slowly or rapidly causes incisions of various shapes 
and depths, depending principally on the soil (and subsoil) conditions, 
gradient, rainfall, and size and conditions of the contributing watershed. 
The depth and type (shape) of channel gullying depend primarily on 
the character of the soil. If the underlying materials are soft and easily 
incised to great depths, deep, straight-walled, U-shaped gullies are 
formed. If the subsoil consists of plastic, resistant clay, relatively shallow, 
V-shaped gullies are the usual result. Where hard rock occurs near the 
surface, the incisions will be shallow and usually wide. Other variations 
of channel gullies are met with, but these major forms illustrate the 
influence of the material that is gullied. 

The influence of certain physical factors on rates of gully develop- 
ment must be weighed carefully in applying control measures. Generally, 
the principal factors to be considered in this connection include soil 
resistance to abrasion, speed of runoff as determined chiefly by gradient 
and vegetative cover, intensity and volume of rainfall, and size and 
condition of the watershed. 

Gullies branch more frequently and become longer, deeper, and 
wider as unchecked scouring continues — that is, within the limitations 
of the enclosing watershed or that part of it susceptible to gullying. Often, 
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gullies grow to a mile or more in length and 20 to 40 feet wide and deep. 
Locally, they expand to much greater dimensions. Extension in length is 
usually much faster than in width, because the greater volume of water 
usually enters at the head. After the ravine reaches the watershed divide, 




'Pig. 199. — Above, a Missouri gully eating its way back into an overgrazed pasture; 
below, same gully controlled and converted into a stock-water pond. (Photographs by Soil 
Conservaiion Service.) 

extension of length stops, but depth and width may increase still farther. 
The rate of growth generally is faster along the steeper upper slopes; 
but when the slopes are uniform, the opposite may be true. Silting, rather 
than cutting, usually takes place where the channel enters an area of 
milder gradient. Increased volume of water, however, may overcome the 
influence of moderate changes in slope along the lower reaches. 
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Waterfall Erosion. Waterfall erosion (Fig. 200) is responsible for 
the formation of many of the deepest and widest gullies. It is also respon- 
sible for the branching of many gullies — the cutting out of tributaries, 
which have their beginnings at vulnerable points along the sides. The 
points where livestock habitually enter and leave a ravine, for example, 
are usually vulnerable. 



Fig. 200. — Typical example of results of waterfall erosion in an Oklahoma gully. Even 
a small amount of water falling from such a height develops enough energy to cause rapid 
erosion at the foot of the overfall. Undermining results, with consequent sloughing of the 
overhanging lip. The cross section of such gullies is U-shaped. (Photograph by Soil Con-- 
servation Service.) 

A small vertical overfall beginning at the lower end of an eroding 
depression wears away the underlying material until the top caves in. 
Continuing by the same process, the waterfall gradually carries the gully 
upslope. As the point of overfall advances upslope, the height of the 
vertical escarpment usually increases, since the water cuts deeper and 
deeper in its attempt to maintain a relatively flat grade at the bottom. 

In this way, gullies starting at the banks of natural watercourses often 
extend far up the slopes, especially where the subsurface material is soft 
and easily worn away. Such ravines frequently attain depths of 50 to 60 
feet or more. As they cut back, they frequently cross lateral or oblique 
depressions or small waterways, thus favoring the development of tribu- 
tary gullies. The process of branching may continue until a network of 
gullies dissects the entire watershed. 
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Water entering gullies from the sides causes waterfall or undercutting 
erosion, but the concentration is normally less, and the rate of gully 
extension correspondingly slower* 

Gullies formed by waterfall erosion may extend quite rapidly, even 
through nearly level land. Their rate of growth often depends more on 
subsoil characteristics, depth of overfall, and the size of the contributing 
drainage area than on the slope of the land. Since the characteristic cross- 
sectional form of waterfall gullies is U-shaped, they are commonly 
referred to by technicians as U~gullies, Once the soft substratum material 
is incised, growth of the gully by undercutting waterfalls and channel 
flow (differential erosion), followed by caving of the upper banks, is 
characteristic of big gullies on land of this kind. Such ravines frequently 
grow at the rate of 30 to 50 feet a year, and in extreme cases they have 
been known to advance several hundred feet during a single heavy rain. 

Some of the larger gulches formed in this way are known as barrancas 
in the Pacific Southwest; as coulees in the Northwest; and as array os ^ or 
washesy in the Colorado Basin area. 

Often a series of parallel gullies crossing fields of uniform slope mark 
the sites of furrows, ditches, wagon-wheel ruts, or livestock trails. More 
often, however, topographic variations; subsoil conditions; and the loca- 
tion, size, and shape of upslope clearings cause marked irregularities in 
the direction, shape, and size of the ravines. 

Gullying Induced by Mass Movements. In localities where mass 
movement in the form of earthflows, slides, and slumps occur frequently 
(see Chap. XII, Part 1), a considerable number of gullies begin in these 
disturbed areas. This is particularly true where the displacement exposes 
highly erodible subsurface material and where fissure lines and vertical 
escarpments are formed by such movements. 

Sometimes ravines approximating gullies in form are the direct result 
of the more violent ground disturbances; but more frequently the mass 
movements of soil merely develop conditions that favor gullying. Many 
of the slides and earthflows that occur on steep slopes during rains, 
especially after periods of alternate freezing and thawing, form broad and 
narrow land scars that are the virtual equivalent of gullies. 

Alternate freezing and thawing often loosen the soil of gully sides, 
permitting the material to slough off, crumble, and be carried away by 
subsequent rains. This form of gully expansion is particularly active in 
the southern part of the United States. It may continue for years as the 
only important form of erosion in gullies that already extend to, or nearly 
to, the crest of watersheds. 

Prevention and Control 

It is much easier to prevent the development of gullies than to control 

^ ^ n_ • 
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erosion and therefore may be prevented to a large extent by taking the 
steps necessary to check ordinary surface washing. However, constant 
precaution is necessary on sloping land to prevent the formation of gullies 
through the enlargement of minor channels formed by farm roads, wheeled 
machinery, livestock trails (Fig. 201), and the excavations of rodents. 
Usually, rather simple measures, such as the relocation of roadways as 
nearly as possible on the contour, the filling of ruts and rodent tunnels 
with straw, and the relocating of fences in order to shift stock trails, are 
sufficient to check incipient gullies, if used in time. 



Pig. 201. — Gullies that started in sheep trails. Wisconsin, (Photograph by Soil Conservation 

Service,) 


When the cost of gully control exceeds the value of the land pro- 
tected, the work may not be justified unless it serves to protect adja- 
cent or downstream land, reservoirs, waterways, buildings, highways, 
bridges, or other property. In appraising the value of such work, or in 
determining the need for it, it is extremely important to recognize the 
fact that even a relatively small gullied area may constitute a serious 
menace to downslope or downstream land as well as to channelways, 
reservoirs, and harbors. Moreover, it must be remembered that, in rela- 
tion to flood control and prevention of silting, numerous scattered areas 
in which gullying is active may, in the aggregate, constitute the sore spot 
of a large watershed. Also, a single gullied field, or even one large branch- 
ing gully, may seriously affect the value of an entire farm. 
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After a gully has eaten its way to the head of the watershed, it usually 
ceases to be active. If it is merely protected from livestock, volunteer 
vegetation usually will establish a suitable protective cover. But when a 
gully has advanced only a short distance into a watershed, there is 
immediate necessity for employing intensive control measures. The poten- 
tial damage of such a gully to adjacent fields, if it is allowed to continue 
uncontrolled, generally will justify the expenditures necessary to assure 
complete control within the shortest possible time. 

Methods of Gully Control 

Usually, the best way to control a gully is to plant the entire ravine 
to stabilizing vegetation. However, even where it is impractical to plant 
the entire gully, it is generally essential to stabilize the head. The type of 
vegetation and the procedure necessary for its satisfactory establishment 
will vary considerably, according to local soil, climate, and topographic 
conditions. 

The unproductive subsoil commonly exposed in gullies often makes 
the establishment of vegetation difficult; but with adaptable types of 
vegetation, aided by fertilization where necessary, effective growths 
generally can be secured. Runoff on a gullied field, however, must be 
handled carefully, particularly during the period when stabilizing vege- 
tation is being started in or around the gullies. This runoff hazard 
increases with the size and condition of the watershed. A heavy concentra- 
tion of water in a gully under treatment would damage or wash out the 
plantings. Temporary dams, porous brush or wire barrages (sometimes 
called porous dams), and diversion channels will help in many places in 
the establishment of satisfactory growths. If the volume of runoff is too 
great for effective vegetative control, permanent structures must be 
utilized. 

Prom the standpoint of economy and practicability, the principal 
methods of handling runoff for gully control, in order of importance, are : 

Retention of rainfall on the watershed. 

Diversion of runoff away from the guUy. 

Safe conveyance of runoff through the guUy. 

Frequently, the most practical solution will be a combination of 
these methods. Whatever method is used should be planned and executed 
carefully. Haphazard work will lead to failure or even to an aggravation 
of the original gully conditions. Until vegetation is well established, it is 
generally very important to exclude livestock from treated areas, whether 
vegetation or structures are used. 

The treatment of gullies varies according to size. Although a gully 
that would be considered large in the Northeast probably would be char- 
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acterized as no more than medium-sized in the Southeast, the following 
classification seems adequate for general use: 

Small gully — ^less than 3 feet deep. 

Medium gully — 3 to 15 feet deep. 

Large gully — more than 15 feet deep. 

A similar general classification with respect to size of the contributing 
drainage area follows: 

Small drainage area — 5 acres or less. 

Medium-sized drainage area — 5 to 50 acres. 

Large drainage area — more than 50 acres. 

Retention of Rainfall. Generally, runoff of rainfall can be 
reduced materially through the use of ordinary soil and water conserva- 
tion measures, previously explained. To obtain satisfactory control of 
runoff under some of the more complicated conditions encountered, how- 
ever, special measures, such as closely spaced contour furrows, level 
terraces with closed ends, syrup-pan dikes for spreading water, and sub- 
soiling must be used. Where the soils are absorptive, the slopes gentle, 
and the rainfall light, measures of this kind frequently will eliminate the 
need for additional mechanical protection in gullies of small and medium 
size. 

Small and medium gullies, with small to medium uncultivated water- 
sheds, frequently can be stabilized by placing a series of earth fills, spaced 
according to the steepness of the land, across the gully channel. 

Diversion of Runoff. In the control of gullies, runoff usually 
should be diverted from the head of the ravine before control measures 
are installed within the gully channel itself. This principle generally 
applies to gullies of all sizes, except those with such small watersheds 
that runoff is not a serious problem. 

By terracing the drainage area above the gully head, much or all of 
the rimoff can be diverted to some other point for safe disposal. Fre- 
quently, small gullies can be crossed directly by terraces and so elimi- 
nated; but the necessary filling to carry structures across gullies deeper 
than 4 or 5 feet may entail high costs. Nevertheless, where numerous 
parallel gullies cross an area, especially where soil conditions make it 
difficult to establish vegetation, the terracing method or the use of diver- 
sion ditches may be the only practicable method of control. 

Diversion channels are especially useful for gully control where the 
watershed is timbered or grass covered. Such structures generally are 
not effective immediately below unprotected cultivated fields, unless a 
permanent filter strip of vegetation is established above the ditch. If 
such a strip is used, it should have sufficient width and vegetation 
density to clear up the runoff and so prevent silting of the diversion 
channel below. 
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It is esseBtial that diversion ditches be made large enough to carry 
all the runoff from the contributing drainage area during periods of 
maximum rainfall. It is also essential that the gradient and dimensions of 
the channel be such that the runoff will move through the ditch at 
nonerosive velocities. 

For earth channels without a permanent vegetative cover, the maxi- 
mum gradient should not exceed 12 inches per hundred feet of length; 
but with a permanent lining of resistant sod, steeper gradients may be 
used. It is likely that these steeper gradients will permit serious scouring 


Original ground line 


>4 





Geaph 45. — Diversion-ditch, cross sections: A. Terrace-type diversion ditch for gentle 
slopes. Construction from both sides. Minimum value of d about 18 inches. B. Terrace-type 
diversion ditch for steeper slopes. Construction generally from the upper side only. Mini- 
mum value of d about 18 inches. C. This type of diversion ditch is suggested for watersheds 
exceeding 10 to 12 acres, especially for the steeper slopes. Minimum value of d should be 
22 inches. Side slopes should be at least S to 1 where land slopes permit. (See Farmers" Bull. 
1813, U. S. Dept, Agr.) {Soil Conservation Service.) 

if the vegetative protection of the channel is ever destroyed, and they 
should be used only where the cover can be depended on during periods 
of most severe runoff. 

The terrace type of diversion ditch is being used extensively where the 
area of the watershed does not exceed 5 or 6 acres (see cross sections A 
and By Graph 45). On comparatively gentle slopes, this type of diversion 
ditch is constructed from both the upper and the lower sides; but on 
steeper slopes (steeper than 4 per cent), construction is generally from 
the upper side only. There are, of course, many variations from the indi- 
cated cross sections, because of local variations of soil, slope, and rainfall 
intensity. 
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It is highly important that the ditch be constructed with an ample 
capacity to handle the maximum expected volume of water. The settled 
depth of the water channel should seldom be less than 18 inches. A mini- 
mum water cross-sectional area of 7.5 square feet is suggested for water- 
sheds of 1 to 5 or 6 acres. Watersheds of 6 to 10 acres will require a 
channel depth of at least 24 inches and a minimum cross section of 12 
square feet. For larger watersheds, cross section C, shown in Graph 45, 
is suggested, especially on steeper slopes. 

The diversion ditch should be set back from the gully head a mini- 
mum distance of three times the height of the gully overfall. Low points 
in the ridge and high points in the channel should be corrected before the 
ditch is put into use. If well-protected natural locations for the disposal 
of runoff can be found, no special outlet revegetation or construction will 
be necessary. Even where such natural outlets are not available, it is 
sometimes possible to discharge the flow from diversion ditches into an 
outlet or waterway already established for a terrace system. Under such 
an arrangement, however, it is important to prepare the outlet or water- 
way for the additional water to be carried. 

Conveying Runoff through Gullies. The establishment of pro- 
tective vegetation in a gully is usually much more difficult if runoff 
must be handled through the channel at the same time that the plants 
are being started. Ordinarily, it is necessary to protect the more erodible 
portions of a gully carrying runoff by transplanting sod, by applying 
specially anchored mulches, or by installing mechanical structures. 
Such protective measures need be only of a temporary nature if the 
vegetation, when established, will provide the necessary protection. 

Where mechanical measures are required for satisfactory control, 
permanent structures, such as masonry check dams, flumes, or earth 
dams supplemented by vegetation, should be provided to convey the 
runoff over critical portions of the ravine. 

Gullies generally cannot be controlled adequately, however, until a 
vegetative cover is established over much or all of the exposed parts of 
the ravine. From the standpoint of control, there frequently is little 
choice among trees, shrubs, vines, or grasses, because all these types of 
vegetation provide good protection when well established. Often, how- 
ever, it is easier to establish satisfactory covers of trees, vines, and 
shrubs on gullied areas, because of the slowness with which most grasses 
take hold on such poor soil. Nevertheless, when grass is established, it will 
withstand greater water velocities and consequently be able to carry 
more runoff. Grasses are also more satisfactory than trees, vines, and 
shrubs as a supplement to structures. 

Natural Revegetation. In many instances, natural re vegetation 
will provide a satisfactory cover, if the gullied area is protected from live- 
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stock. Quite often, fencing livestock out of the ravine will be all that is 
needed for the establishment of a satisfactory growth of volunteer 
vegetation. This opportunity to provide a protective cover at low cost 
is overlooked frequently, and unnecessary expenditures are made for 
structures or for planting. Numerous gullies have been controlled com- 
pletely by volunteer vegetation in many parts of the country, following 
the exclusion of livestock (Fig. £02). 

Artificial Revegetation. Among the plants that have been used 
successfully in the reclamation of gullies are: trees and shrubs [black locust 
(Fig. £03), willows, pines, honey locust, poplars, eucalyptus, tamarisk, 



Fig. 202. — A Georgia gully originally 25 feet deep stabilized by natural revegetation. 

{Photograph hy Soil Conservation Service.) 

wild plum, and buckbrush]; legumes and vines [clovers, alfalfa, sweet- 
clover, lespedezas, honeysuckle, kudzu (Fig. £04), Virginia creeper, 
dewberry, blackberry, and raspberry] ; grasses [Bermuda, Kentucky, and 
Canada bluegrass (Fig. £05), Johnson grass, centipede grass, redtop, 
orchard grass, brome grass, Sudan grass, Kikuyu, and wheat grasses.] 
Other plants, such as ice plant (Fig. £06), are used effectively in California. 

In gully plantings, it is frequently necessary to slope the banks 
before most eflBicient results can be obtained. Figure £07 shows how gully 
banks can be sloped rapidly with a bulldozer. The use of heavy ma- 
chinery of this kind is generally beyond the means of individual farmers, 
but often it can be obtained through some cooperative arrangement. 
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Sloping also can be accomplished effectively by hand labor or by a com- 
bination of handwork and blasting. Some deep ravines need sloping 
primarily because of the hazard that they present to livestock. Usually, 
small gullies in fields can be filled readily with ordinary plows or hand 
tools, but it is generally advisable to reduce bank-sloping operations to 
a TniniTniim , because with proper use of vegetation the banks gradually 
will assume a stable slope. 

Occasionally, where suitable sod is available, it may be desirable to 
make use of the sodding method to stabilize some gullies or parts of them. 
Generally, however, this method is too costly for extensive use. Its 



Fig. 205. — A West Virginia gully stabilized by a combination growth of walnut trees and 
bluegrass. {Photogra'ph by Soil Conservation Service.) 


application commonly is restricted to sodding critical sections about 
gully heads or points along the bank or bottom where protection against 
waterfall erosion is necessary. 

Sodding also can be used to advantage as a supplement to structures. 
It is the only way to establish a grass cover in those places where it is 
impractical to seed. Where the amount of runoff is not too large, and good 
sod is available, it can be used as a substitute for the more costly masonry 
and concrete materials. Sod flumeSy sod check dams, and sod spillways 
have all functioned satisfactorily when properly constructed and located. 

Sod flumes may be used effectively to control overfalls in gullies 
where the drop is less than 10 feet and the contributing drainage area is 
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not greater than £5 acres. Where overfalls are not so high, larger water- 
sheds may be considered. Bermuda and bluegrass sod have proved 
highly effective in adaptable localities. 

Where overfall points are to be sodded, the bank must be cut back to 
a slope gentle enough to maintain a permanent cover. Generally, a 4 to 1 
slope should be the steepest used, but the final choice will depend on the 
soil type, size of watershed, height of overfall, and quality and type of 
sod used. To avoid destructive water velocities, the flume should be 
wide in proportion to its depth in order to carry the maximum expected 
runoff at nonerosive velocities. A width of at least 1 foot per acre of water- 



Fig. 208 .— Gully head controlled by complete sodding (vegetated flume). {Photograph by 

Soil Conservation Service.) 


shed is desirable, and the maximum depth of flow expected over the 
flume should seldom exceed 1 foot. 

Where any considerable amount of runoff is involved, solid sodding 
is usually necessary for sod flumes (Fig. £08). It is important that the 
gully channel below the flume be on a stable gradient; otherwise the sod 
may fail because of the undermining action of overfalls that is likely to 
develop below the flume. Where erosion-resistant soil and small water- 
sheds are involved, an unprotected gully channel may be reasonably 
safe for gradients up to about per cent. Vegetated channels generally 
will permit the use of considerably higher gradients. Where larger 
watersheds and more erodible soils are involved, unprotected channel 
gradients of more than 1 per cent should seldom be used. If it is imprac- 
tical to provide the necessary channel protection by vegetative measures, 
unstable gradients may be reduced mechanically. 
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Sod checks are used frequently to assist in the establishment of 
gully vegetation and to stabilize the channels until the areas between the 
checks are vegetated. Two of the more important types of sod check are 
the sod strip and the sodded earth fill. 

The sod-strip check is suitable for small gullies with mild channel 
gradients (Graph 46) and watersheds of small to medium size. The strips 
should be placed across the channel so that each lies flush with, or 
slightly below, the bed of the gully. The strips should have a minimum 
width of 12 inches and should extend up the gully sides at least 6 inches 



Graph 46. — Series of sod-strip checks in small gully. Such checks not applicable to gullies 
with steep grades. {Soil Conservation Service.) 

above the level of expected high water. The spacing will depend on the 
drainage area, the gully gradient, and the spreading characteristics of 
the sod being used. Intervals of 5 to 7 feet commonly are used. 

Low, sodded earth fills often can be used advantageously as a sub- 
stitute for ordinary brush or wire check dams in stabilizing gully channels. 
Where suitable sod is available, fills of this type can be constructed at 
smaller expense. They have been used successfully in small or medium- 
size gullies with drainage areas of less than 25 acres. The earth fills should 
be located at strategic points or at regular intervals in the gully, as 
indicated by individual conditions. Frequently, the fiUs are spaced in 
such a way that the top of each will be as high as the base of the next 
one above. Slopes on the fills steeper than 3 to 1 on the upstream side 
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and 4 to 1 on the downstream face should be used only rarely. The fill 
should be well tamped and seldom higher than 18 to 24 inches, because 
of the excessive overfall that may be created. The top of the fill should 
be low in the center and gradually curved upward to meet the gully 
sides, with ample provision for weir capacity. The fill should be solid- 
sodded on top and on the downstream face, and the sodding should 
extend up the gully sides to a height of 6 to 12 inches above the expected 
water crest. 

Stabilization with Structures. Structures are used in gully- 
control work either to facilitate the establishment of vegetation or to 
provide protection for those critical sections that cannot be safeguarded 
adequately by other measures. Where temporary structures are used, 
they are intended only to function imtil the vegetation becomes well 
enough established to provide necessary protection. Check dams of this 
type usually are made of brush, wire, poles, or loose rock. Where it is 
necessary to make use of mechanical structures as permanent reinforce- 
ments, they should be made of such durable materials as reinforced 
concrete, masonry, metal, or earth. 

Temporary check dams thrown up across the bed of a gully have two 
uses: (1) to collect enough soil and water to insure the eventual growth 
of protective vegetation and (2) to check head or channel erosion until 
sufficient stabilizing vegetation can be established at that critical point. 
Where runoff from the contributing drainage area is diverted from or 
retained on the watershed, or where the gully has advanced to the 
drainage divide, any check dams in a gully would be used primarily for 
the first purpose. Prequently, piles of closely compacted rock and brush 
across the bottom of a ravine will collect soil and water in a satisfactory 
manner. 

Where temporary structures have been used in gully-control work, it 
has been found that several low check dams are more desirable than one 
large structure. Low dams are much less subject to failure than high ones; 
and after they silt up and rot away, they can be better protected from 
overfalls with vegetative cover. A temporary dam rarely should have an 
overfall height of more than 15 inches, and an average effective height 
of about 10 or 12 inches usually will be more satisfactory. 

Temporary dams are especially adapted to gullies with small water- 
sheds. They should be extended far enough into the bottom and sides of 
the gully to prevent washouts underneath or around the ends and should 
have sufficient spillway capacity to convey the maximum expected runoff. 
Generally, an apron will be needed to protect the structure from the under- 
mining action of water discharged from the spillway. 

The life of a temporary structure, of course, will depend on the 
quality of the materials and efficiency of construction; but under ordi- 
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nary conditions, they should last from 3 to 8 years. Spillway capacities 
usually are designed for the maximum rainfall intensities that may be 
expected over a 5- to 10-year period. The requisite capacity, or spillway 
notch, can be determined in the field by estimating the probable rate of 
runoff on the basis of the size and nature of the watershed. Table 39 gives 
the spillway dimensions required for various discharge rates, but, as a 
factor of safety, the notch generally should be made several inches 
deeper than the indicated depth necessary to avoid overtopping. The 
notches should be as wide as practical in proportion to depth, in order to 
avoid unnecessary concentration of runoff as it passes over the structure. 

Table 39. — Approximate Discharge Capacity in Cubic Feet per Second 
OF Rectangular Notches in Small Check Dams 


Depth 
of notch 


Spillway length, i, in feet required for various discharges indicated 


D, 

feet 


2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

0.5 


2.3 

4.5 

6.8 

9,1 

11,3 

13.6 

15.8 

18.1 

20.4 

22.6 

24.9 

27.2 

1.0 

3 ) 

6.4 

12.8 

19.2 

25.6 

32.0 

38.4 

44.8 

51.2 

57.6 

64.0 

70.4 

76.8 

1.0 

8 

11.8 

23.5 

35.2 

47,0 

58.8 

70.5 

82.3 

94.1 

105.8 

117.6 

129.3 

141.1 

2.0 

.22 ^ 

18.1 

36.2 

54.3 

72.4 

90.5 

108.6 

126.7 

144.8 

162.9 

181.0 

199.1 

217.2 

2.5 


25.3 

50.6 

75.9 

101.2 

126.5 

151.8 

177.1 

202.4 

227.7 

253.0 

278.3 

303.6 

3.0 


33.3 

66.5 

99.8 

133.0 

166.3 

199.5 

232.8 

266.0 

299.3 

332.5 

365.8 

399.1 

3.5 

o 

41.9 

83.8 

125.7 

167.6 

209.5 

251.4 

293.4 

335.3 

377.2 

419.1 

461.0 

502.9 

4.0 

3 

51.2 

102.4 

153.6 

00 

o 

256.0 

307.2 

358.4 

409.6 

460.8 

512.0 

563.2 

614.4 

4.5 

o 

61.1 

122.2 

183.3 

244.4 

305.5 

366.6 

427.7 

488.8 

549.8 

610.9 

672.0 

733.1 

5.0 


71,6 

143.1 

214.7 

286-.2 

857.8 

429.3 

500.9 

572.4 

644.0 

715,5 

787.1 

858.6 


The temporary check dams most commonly used in gully-control 
work are made of woven wire, brush, loose rock, planks, or slabs. Satis- 
factory dams may be constructed, however, from other materials or 
from a combination of these materials. The type selected for use will 
depend generally on the materials available. Woven wire, brush, loose 
rock, and slab dams are illustrated in Graphs 47, 48, and 49 and Fig. 209. 
Another type of dam frequently used in gullies with small watersheds 
and moderate slopes, where site conditions are favorable, is the willow- 
post dam. The posts or poles are cut from green willow trees and set in 
rows across the gully at intervals of about 1 foot. They take root and form 
a living check across the gully. 

Permanent structures are used in gully-control work where temporary 
measures are either inadequate or impractical. They are frequently 
necessary in gullies with large contributing watersheds and in gullies 
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that must be retained as permanent waterways. Any gully beginning to 
cut back into a large watershed usually will justifiy control by the use 
of permanent structures. 

Weir-notch darns usually are employed in locations requiring low 
structures. Where the runoff must be brought down by high overfalls, 
multiple-drop dams, flumes, or drop-inlet dams are generally preferable, 
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Graph 47. — Woven-wire dam. {Soil Conservation Service,) 

because the relatively high heads that would be required for weir-notch 
dams would necessitate heavy reinforced concrete construction. Ordi- 
narily, neither masonry nor concrete notch dams should be used to control 
overfalls in excess of 6 to 8 feet. 

Since discharge quantities and velocities are relatively high, channel 
grades below or between permanent structures should rarely exceed 1 per 
cent, unless the channel bed contains suflScient rock to prevent harmful 
scouring. The stability of a permanent gully-control structure depends 
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on stabilized grades in the channel below. An excessive grade leads to 
the development of an overfall that gradually will undermine the struc- 
ture. Such a grade can be reduced by changing the location of the struc- 
ture or by constructing the spillway apron at a lower elevation. 



opprox. 


SECTION AT A-A 



approx, 

LONGITUDINAL SECTION 

Geaph 48. A type of brush dam in common use. {Soil Comervation Service.) 

Cutoffs to check seepage and washouts around or underneath struc- 
tures are important. These should extend sufficiently far into the bottom 
and sides of the gully to provide adequate sealing. Generally, wet founda- 
tions should be avoided, especially for earth dams. Surface soil and 
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organic matter should be removed from the dam site so that a good bond 
can be established between the structure and the impervious foundation 
material. Below the dam, an apron of sujflScient length, width, and depth 
to prevent undermining is also necessary. 



SECTION AT A- A 



SECTION AT B-B 

Gbaph 49. — ^Loose-rock dam. Where the rocks are small, it frequently is necessary 
to anchor them with woven wire stretched tightly over the structure. (Soil Conservation 
Service.) 

The smaller permanent dams should be designed to withstand the 
maximum runoff from individual storms that may be expected over a 
10- to 15-year period; but because of the greater expenditures involved, 
the larger ones should be built to handle the runoff from the heaviest 
expected rain over a £5- to 50-year period. Table 39 may be used to 
determine spillway sizes for small permanent dams with rectangular- 
notch spillways. 
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Specifications for Construction of Masonry Dams. Graph 50 
gives the standard design for a small rubble masonry dam* In general, 
the minimum thickness of side walls, cutoff walls, and apron should be 
12 inches. The main wall from the spillway crest to the top of the dam 
should also be at least 12 inches thick. Below^ the spillway crest, a slope 
of to 1 is recommended on the downstream face. The upstream face 
should have a batter (angle from the vertical) of about 10 feet fall in a 
horizontal distance of 1 foot, in order to counteract the pressure of ice 
and to insure proper settling. An apron length not less than one and one- 



half times the total height from the apron floor to the crest of the spillway 
is recommended. In areas subject to severe cold, the apron, cutoff wall, 
and toe wall often are constructed of reinforced concrete as added protec- 
tion against heaving by frost. 

Specifications for Construction op Concrete Dams. Concrete 
dams are used where adequate material is not available for masonry 
structures. The same general specifications given for masonry dams will 
apply to concrete dams. Detailed specifications are indicated in Graph 51. 
It is important to use a good grade of concrete, reinforced with steel bars. 
These bars should be f inch or more in diameter and 12 inches apart 
from center to center. The specifications indicated in the drawing are 
for dams under 5 feet in effective height. For structures exceeding this 
height, special design is necessary. In case the spillway length L exceeds 
6 feet, buttresses should be used to brace the headwall. 
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Specifications for Construction of Earth Dams. Earth dams 
are most practicable in those localities where suitable material for the 
fill is readily available. These dams often are used both for gully control 
and as roadways across deep gullies. In some instances, they may even 
provide a reservoir for stock water. Two types of earth dams commonly 



VIEW FROM DOWNSTREAM 



CROSS SECTION (ENLARGED) 

Graph 50. — Design for small rubble masonry dam where the height k does not exceed 5 to 
6 feet. {Soil Conservation Serince.) 

are used for this purpose: one where excess runoff is carried around the 
dam by a side spillway, and the other where it is carried through the dam 
by a pipe or culvert. Where the latter type has a vertical intake and a 
horizontal outlet section, the structure commonly is called the drop- 
inlet soil-saving dam (or Adams dam) . In many instances, it is desirable to 
use a combination of side spillway and conduit through the earth fill to 
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by-pass excess runoff. Where this combination spillway-conduit is used, 
the conduit through the dam is provided with only enough capacity to 
carry the more common rates of overflow. The side spillway, which is 
really a safety outlet, usually is constructed with its inlet at a slightly 




Graph 51. — Design for small concrete dam where the height h does not exceed 5 feet. 

{Soil Conservation Service.) 


higher elevation than that of the conduit and with sufficient capacity to 
carry the excess overflow that cannot be carried through the fill during 
periods of extraordinary runoff. 

Graph 52 shows standard design for a soil-saving drop-inlet dam with 
concrete conduit (barrel) and riser (or well). It is important that the con- 
duit be incased in stable material and located as near the center of the 
gully as possible. 
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For small watersheds, tile or corrugated metal pipes frequently are 
used for passing the overflow through the fill. Rounded elbow connec- 
tions between the vertical and horizontal sections of the tube should be 
used. For drop-inlet dams requiring a discharge pipe greater than 30 
inches in diameter, it is usually better to use concrete for the barrel and 
riser. The concrete should be amply reinforced with steel. 



Other Structures. Flumes, multiple-drop structures, head spill- 
ways, culvert drop inlets, and other miscellaneous types of structures 
are used in gully control. The most common structures are flumes and 
culvert drop inlets. 

Flumes (sometimes called chutes) are used to convey runoff down 
steep banks. The steep slopes on which flumes usually are constructed 
produce high discharge velocities, so that care must be taken to provide 
necessary apron and grade protection below the structure. Permanent- 
type flumes generally are constructed of concrete, masonry, or metal. 
Sod flumes are commonly used in small watersheds. 
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If concrete is used, the slope of the flume should not be steeper than 
2 to 1, in order to facilitate pouring. A masonry flume may have a slope 
as steep as 1 to L Concrete and masonry ordinarily make more desirable 
flumes than wood or metal, unless permanency is not a consideration. 
Where applicable, sod should be used in preference to any other material, 
because of its economy. 

Graphs 53 and 54 illustrate the design for masonry and concrete 
flumes, respectively. The latter should be adequately reinforced with 
steel bars. The upstream and downstream cutoff walls should be dug to a 
minimum depth of 3 feet for both types, and the wing walls should 



Fig. 210. — ^Entrance (riser or well) to drop inlet for passing runoff through a highway cul- 
vert. {Photogra'ph hy Soil Conservation Service*) 


extend well into the earth on each side. Side walls should be high enough 
to confine completely the maximum flows expected. The apron length 
should be not less than the total height from apron floor to spillway 
crest. It is important that the gully channel for some distance below the 
flume be on a stabilized gradient; otherwise the structure may be under- 
mined. Ordinarily, flumes are used to control waterfall erosion, not 
channel erosion. In order to assure adequate spiUway capacity for these, 
the length of L (as indicated in Graphs 58 and 54) should be not less 
than 4.5 feet, with a minimum of 1 foot for every 15 cubic feet of discharge 
expected. 

Drop-inlet highway culverts are being used successfully to combat 
gully erosion along highways. Frequently, the bottom of highway cul- 




Table 40. — Drop-inlet Culvert Dimensions Required for the Discharges Indicated^ 
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verts is below the bottom of the roadside ditches, so that water carried 
by the ditches must drop in order to pass through the culvert. Unless 
protected, severe gullying often has its beginning at the critical point of 
the drop. The desired protection can be established by installation of a 
drop inlet (Fig. 210) in the form of a drop box at the entrance of the 
culvert. 

The drop box is essentially the equivalent of a broad-crested weir. 
The required weir length can be determined by selecting the length L in 
Table 39 for expected runoflE and flow depth and then increasing this by 
one-fourth. Where the structure is designed in accordance with the 
specifications for a drop-inlet dam, the size required for different dis- 
charges may be taken from Table 40. It is often necessary also to pro- 
tect the lower end of the culvert in order to prevent gullying. This can be 
done either by using a suitable drop outlet or by constructing small, 
permanent dams to establish stable gradients. 





Chapter XXIV. Control of Erosion 
on Highways 


Erosion has long been a serious problem along both primary and 
secondary highways. The tendency to overlook erosion potentialities 
through the stages of location and construction appears to have been 
rather general; and until recently, comparatively little was done to con- 
trol soil washing along highw^ays after they were built, until conditions 
forced attention to the problem. In numerous localities, roadside ditches 
were permitted to enlarge until roadbeds were undermined or threatened 
with undermining; j&lls were left bare very often until sloughing became 
active as the result of gullying and sheet washing. To a very considerable 
degree, the remedies employed to correct these conditions were usually 
of a temporary nature, such as resurfacing or filling washouts with earth 
or gravel, installing flumes or overpasses, and building small check dams. 
Recently, however, control of erosion has become an important activity 
in most highway-maintenance programs. 

Considerable research and demonstrational work is now being carried 
on in many states by the Bureau of Public Roads and the Soil Conserva- 
tion Service and by state highway departments. Upkeep of the far-fltmg 
road system of the United States, covering some 3,200,000 miles, consti- 
tutes a heavy public expenditure. It has been estimated that, under state 
systems, maintenance costs approximate $300 per mile annually. Surveys 
indicate that nearly one-third of this cost may be charged to the direct 
or indirect effects of erosion. Estimates of damage to county roads, of 
which there are more than 2,650,000 miles, are not available, but the 
damage probably is more serious than that along the state and Federal 
systems. 

Too often, the damage has not been restricted to the roads alone; 
concentrated runoff from highways discharged over sloping farm land, 
as well as other kinds of land, has caused a great deal of damage. On the 
other hand, roadside ditches have been washed deeper and wider as the 
result of runoff from adjacent farm lands. 
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Methods of Control 

In many parts of the country, satisfactory control of erosion along 
highways involves a variety of difficult problems. The raw subsoil exposed 
in grading roads and the steep slopes that usually prevail along cuts and 
fills often make it difficidt to establish a protective growth of plants. 



shown in upper photo. (Photographs by Soil Conservation Service,) 


Tlie use of protective structural measures generally is limited to roadside 
ditckes, and even there they are a hazard to the driving public. 

When roads are constructed, they necessarily cut the terrain at all 
angles and intercept and divert runoff from numerous natural channels. 
Unless culverts and other structures are located with particular care, 
they usually cause gullying or other erosional damage to adjacent lands. 
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In the use of vegetative controls, those plants should be selected which 
will not develop traffic hazards when full grown. When trees are used, 
they should be located so that they will not interfere with visibility or 
invite snowdrifts* 



Graph 55 . — Designs for improved highway cross sections. {Soil Conservation Service.) 



Fig. 21^. — Maintenance of grassed roadside by mowing. {Photograph by Soil Conservation 

Service.) 


An important essential in the control of erosion on road cuts, ditches, 
and fills is to reduce roadside slopes and flatten out ditches, so that a cross 
section will be developed, which, although conforming with the require- 
ments of sound construction, will favor economical control of erosion 
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(Fig. 211). Every effort should be made to eliminate steep slopes and 
angular transitions, not only to facilitate the establishment of an effective 



Gbaph 56. — Construction details for interception ditch. (Soil Conservation Service.) 



Fig. 213, — Broadcast sodding of road cut with Bermuda grass sprigs. Louisiana. (Photo- 
graph by Soil Conservation Service.) 


cover of protective vegetation but to minimize traflSc hazards. Such a 
cross section is illustrated by Graph 55 , Once vegetation is properly 
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established, the maintenance of roadsides is largely reduced to mowing 
(Fig. S12). 

Control on Cut Slopes. Interception ditches above cut slopes are 
frequently necessary to direct runoff away from the steep, credible slopes. 
These must be constructed with ample capacity, gentle grades not 
susceptible to erosion, and outlets that safely dispose of the runoff 
(Graph 56). 

The usual method for establishing a protective cover of grass on cut 
slopes is by seeding. Bermuda grass, however, is now commonly planted 



Fig. 214, — Slope and fill (left) graded and seeded to grass by drilling (right), Texas. 
(Photogra'ph by Soil Conservation Service.) 


by broadcast sodding (Fig. ^13). If the work is done at the beginning of a 
rainy season or during the dormant period of Bermuda, it has been found 
advisable to seed over the area with a nurse crop. In humid regions, it is 
generally advisable to make a liberal application of fertilizer. 

Good stands of Bermuda have been established in the South by this 
broadcast method for less than % cents per square yard, as compared with 
15 to ^5 cents per square yard where other methods of sodding are 
practiced. 

Where the slope is not too steep, a good cover frequently can be 
established by seeding various adaptable grass mixtures (Fig. ^14). 
Lespedeza, clovers, orchard grass, Kentucky bluegrass, redtop, timothy, 
and rye grass are commonly used, according to local adaptability, in a 
variety of mixtures for roadside seedings. Fertilizers are generally needed 
for best results. Where new seedings are exposed to runoff hazards, it is 
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frequently advisable to cover the entire area with a suitable mulch, such 
as straw, old hay, or forest litter. Generally, seeded areas require some 
maintenance, and reseeding is frequently necessary to insure a perfect 
stand. 

Vines, such as honeysuckle, kudzu, and Virginia creeper, have pro- 
vided satisfactory protection in some parts of the East. Planting by the 
old-fashioned spot method, however, generally has proved ineffective. 
On steep slopes, most successful results with vines have been obtained 
fay the recently developed trench method of planting (Fig. £15). This con- 



Fig. 215. — Trench, planting of honeysuckle on highway cuts. Southwestern Virginia. 
{photograph by Soil Conservation Service,) 


sists of excavating trenches in the cut or fill bank approximately 16 inches 
deep, 1£ inches wide, and about 4 feet apart. These are cut on grades 
ranging from 3 to 1 (drop of 1 foot in a horizontal distance of 3 feet) to 
l£ to 1, depending on soil conditions. The trenches are filled with vine 
roots and topsoil. Some fertilizer may be used to stimulate growth, 
although it is not needed if good topsoil is available. The trenches absorb 
much of the water that falls on the face of the cut; the excess is slowly 
drained to the bottom of the slope without causing much erosion. 

Control of Highway Ditches. Roadside ditches require protection 
from the concentrated runoff that tends to convert them into destructive 
and dangerous gullies. Generally, vegetation will be foimd the most 
practical means for their stabilization. The most effective plants for this 
purpose are those which produce a good cover during the first growing 
season. Cross sections for roadside ditches should be designed to regulate 
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velocities in such, a way as to prevent scouring during intense rains and 
to hold silting to a minimum during moderate rains. 

Supplementary mechanical measures should be used only when it is 
impracticable to establish a satisfactory cover of vegetation. Unnecessary 
structures in roadside ditches do not conform with modern trends in 
highway improvement. 

Safe discharge of water at the ditch outlet requires careful design and 
proper location (see Chap. XXI, Part 2). 

Control on Pill Slopes. Protection of slopes on highway fills Is 
not so difficult as on cut banks, partly because the soil material is usually 



Fig. 216 . — Properly constructed roadside channel and head spillway for passing water 
beneath road. Arkansas. (Photograph by Soil Conservation Serince.) 


well pulverized and frequently mixed with topsoil derived from excava- 
tions. Seeding has proved generally successful, although transplanting is 
sometimes necessary on raw soil material of low productivity or high 
erodibility. The use of curbs on the shoulder edge to divert runoff to 
flumes has been successful on some of the more troublesome slopes, but 
special care is necessary to control discharge at the end of the flume. 

In low-rainfall areas, mechanical measures such as contour furrows, 
diversion channels, and level terraces have been of much assistance in 
providing protection for highways. Best results are likely to follow work 
of this nature where it is done in cooperation with land operators, so that 
slopes draining into roadways can be treated fully for control of runoff 
and erosion. 
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Treatment of Cross Drains. The use of drop inlets and head s'pilU 
ways on the upper end of culvert structures has proved particularly 
effective in controlling gully erosion in highway ditches and on adjacent 
agricultural land (Fig. 216). Drop-outlet structures on the lower end of 
culverts, to lower the discharge to a stable gradient, are often necessary 



Graph 57. — A, boulevard fill section; B, broken back culvert; C, drop inlet. {Soil Con- 
servation Service.) 

to prevent gullying. Broken hack culverts similar to the design shown in 
Graph 57 {B) are sometimes needed to secure proper inlet and outlet 
elevations for cross drains. They serve the same purpose as drop inlets 
or outlets installed for existing culverts. 

Placement of culverts above the customary location (Graph 58) has 
proved a desirable practice where the volume of water to be controlled 
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is small and where a good cover of protective vegetation lines the ditch 
below the outlet (tail ditch). Such culverts help check the development of 
overfalls and gullying above the structure. 



Graph 58. — ^Locating culvert above low point, combining drainage structure, drop inlet, 
and tail ditch construction. {Soil Conservation Service^ 

A culvert design and highway cross section that provides road drainage 
similar to that often employed for city streets is shown in A (Graph 57). 
The runoff from the roadway is collected in gutters and discharged 
through vertical risers to the culvert. The use of this design is generally 
limited to roadway sections where the fills are low. 










Chapter XXV. Small Dams for 
Water Storage 


During the past few years, the construction of small dams for water 
storage has met with considerable favor, especially in the Western and 
Midwestern States. Although these dams are used primarily to provide a 
water supply for livestock (Fig. 217), they also aid in the irrigation of 
small areas and are utilized for recreation (Fig. 218) and wildlife. The 



Fig. 217. — An Oklahoma stock pond, with contoured watershed. Frequently, these ponds 
are the only source of water for livestock. (Photograph hy Soil Conservation Service.) 


value of this type of dam was amply demonstrated during recent periods 
of extreme drought. With the help of a good stock pond, many farmers 
were able to furnish water for their livestock and to grow some vegetables 
and supplemental feed during the hot dry summers, where otherwise 
they would have been forced to sell their stock or let it die for lack of 
water. 


Small Dam Essentials 

Small dams for farm and range use are usually not expensive, yet they 
add considerably to the value of the average dry-land farm or ranch. 
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Besides supplying water and some recreation facilities, they play a part 
in controlling floods. The cost of such dams is determined largely by their 
size, the most economical type generally being a low structure with only 
a small yardage of fill for each acre-foot of storage. 

Although the basic requirements with respect to foundation, fill 
material, and spillway must be met in the construction of small dams, they 
need not be built according to the precise specifications ordinarily set up 
for larger structures. Frequently, specifications have been so exacting 
that construction of small dams has been entirely impracticable. For 



Fig. 218. — One of tlie several types of water-conserving dams constructed by the Soil 
Conservation Service. Barnes County, N. D. (Pkotogra'ph by Soil Conservation Sernce,) 


example, there are many potential pond locations suitable in every respect 
other than the availability of material for rip-rap. In such instances, it 
might be necessary to haul rip-rap material for many miles at a cost 
entirely prohibitive in terms of the expected benefits. Under such con- 
ditions, it is reasonable to use some temporary material for rip-rap or to 
eliminate its use entirely. 

Small dam specifications that demand masonry or concrete for spill- 
ways are often imreasonably restrictive. In all probability, many of these 
dams will serve their intended purpose if a good vegetative spillway is 
provided. Inasmuch as the spillway is not used ordinarily more than once 
or twice a year, an adequate native sod should afford ample channel 
protection. A good point to remember in planning the construction of a 
small dam is that it must provide an economical service. 

Location. The main factors to consider in selecting the site for 
a stock water storage area are: 
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Utility. Quality of water. 

Foundation. Type and size of drainage area. 

Storage capacity. Spillway conditions. 

Availability of construction materials. 

Viility, The purpose for which a pond is built will have considerable 
influence on its location. If it is to be used for irrigation, the site must be 
above the area to be irrigated, unless pumping is contemplated. If it is 
for stock use, drainage from the barnyard or corral should not be allowed 
to enter the reservoir, and it should be so located that the stock will not 
have to travel more than about a mile and a half for water. 

Foundation. The subsoil structure of every potential reservoir site 
should be tested by borings, as a safeguard against an installation that 
will lose its water by seepage. Some soil types that are unsuitable for 
holding water may be made moderately watertight by adding clay and 
then permitting livestock to trample the surface. The principle of the 
sheep' s-foot roller, a machine used extensively for compacting large earth 
fills, originated from the practice of using a herd of sheep to trample the 
bottom of a pond to prevent water loss by seepage. The area behind dams 
already built may be treated in this manner, but new ponds should not 
be developed where inspection indicates the probability of excessive 
seepage. 

Materials. If a small dam is to be built economically, suitable mate- 
rials should be readily available near the structure. Many dams fail 
because a sufficient quantity of compactible soil, of relatively high density, 
is not found near the dam, and, as a result, less suitable materials are 
substituted. It is also desirable to have good rock for riprapping available 
near the dam site; but, as already indicated, the lack of rock for this 
purpose is not always important enough to prevent the building of a dam. 

Storage Capacity. The purpose for which a reservoir or pond is to be 
constructed will determine the amount of storage capacity needed. The 
need for maintaining an adequate and unfailing supply of water under 
all conditions will also influence the capacity determination. In making 
this determination, a sufficient factor of safety should be provided to 
allow for usage, evaporation, seepage, silting, freezing, and probable 
future needs. The most desirable type of reservoir is one with good depth 
and a minimum surface area. 

The rate of evaporation is an important consideration. In the Great 
Plains, for example, an acre-foot of water will be enough to water for a 
year 100 head of stock requiring about 10 gallons per head per day. That 
is, it would be enough if there were no evaporation loss. However, records 
kept by the Bureau of Plant Industry, over the fifteen-year period 1917- 
1931 show that evaporation takes from about 4 to more than 5 feet from 
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a free water surface in a year.^ Stock ponds, then, must be deep enough 
to allow for evaporation losses; and, generally, a depth of double the 
expected annual evaporation loss is a safe provision. During extended 
periods of drought the evaporation rate may be increased by something 
like 50 per cent. 

Drainage Area. The most desirable drainage area is one covered with 
vegetation. Many stock ponds, however, have been built where a large 
part of the drainage is from cultivated or heavily grazed land. Such ponds 
usually fill with silt in a short time, often losing their u.sefulness in a few 



Fig. £19. — Silt filtered from runoff by a fenced area of grass above a New Mexico stock 
pond looking downstream, toward pond. This vegetative silt basin is serving admirably to 
keep the products of erosion out of the reservoir, {photograph hy Soil Conservation Service.) 


years, unless the drainage area is used in such a way as to prevent erosion. 
Watersheds should be sufficiently large to provide enough runoff, on the 
basis of average annual rainfall, to meet the storage demands. Large 
drainage areas should not be used unless an adequate spillway can be 
provided economically. 

It is frequently possible to control or minimize the silting problem by 
establishing a grass filter immediately above the pond. This has been 
accomplished successfully in parts of the Southwest by excluding stock 
from a suitable segment of land across the drainage depression a short 
distance above the pond (Fig. ^19). 

^ Lowdermilk, W. C., and Barnes, F. F. Stock Ponds in the Great Plains Drought Area, 
Soil Cons.t September, 1936. 
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S'pilhvay, Generally, the spillway should be carefully located and 
should have sufficient capacity to pass the largest runoff that is likely 
to occur within a 25- to 50-year period. A grassed spillway is most 
desirable from the standpoint of cost; but under heavy flows on steep 
grades, adequate structural protection should be provided. Since it is 
often difficult to establish good sod under arid or semiarid conditions, the 
use of natural spillways is desirable wherever possible in such regions. The 
natural sod in such spillways should remain undisturbed. 

Inasmuch as many states have regulations governing the construction 
of dams for water storage, it is always advisable to obtain advance 
approval of the plans from state authorities. 

Quality of Water. Under certain conditions, the quality of water is a 
limiting factor in site selection. Highly saline water, for example, is 
unfit for stock or irrigation.^ 

^For further details with respect to construction of dams for small reservoirs, see 
“Low Dams,” National Resources Committee, Washington, 1938. 





Chapter XXVI 
Erosion of Stream Banks 


Stream-bank erosion is occurring on a large scale in every part of the 
country, along small trout streams and farm brooks as well as along such 
great waterways as the Mississippi and Missouri, 



Fig. 220. — Channel of Winooski Hiver, Vt., choked with ice during spring flood, 
March, 1936. The ice caused severe bank erosion by a process of gouging. {Photograph by 
Soil Oonservation Service.) 


The Winooski River of Vermont furnishes a good illustration of this 
type of erosion. This medium-sized stream, draining 1,000 square miles, 
is typical of many waterways in northeastern United States that are 
subject to severe ice conditions (Fig. 2^0). Within the boundaries of the 
soil conservation demonstration area on the lower Winooski, 24 of the 61 
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miles of river bank are actively eroding. Under average conditions, the 
quantity of earth that caves into the river each year is approximately 
340,000 cubic yards. During a flood in 1936, SO acres of land were de- 
stroyed by bank erosion within this restricted area, and thousands of 
cubic yards of earth were dumped into the river channel. The land de- 
stroyed was the best type of agricultural soil in the state. 

In the semiarid West, bank erosion often occurs at a more rapid rate 
and on a larger scale than in the East, because of the comparative scarcity 



I'lG. 221. — Santa Clara River at Santa Paula, Calif., at flood stage showing typical 
bank erosion. Walnut trees being undermined and falling into the stream. {Photograph by 
Soil Conservation Service^) 


of vegetation. Stream beds in the West are generally less stable during 
floods, and this frequently has contributed to severe bank erosion 
(Fig. ^21). It is noteworthy, however, that the floods accompanying the 
New England hurricane of 1938 caused much stream-bank erosion, even 
in some well-forested areas. Large quantities of boulders were dumped into 
some of the streams channels, causing them to resemble the debris-loaded 
canyons of the West. 


Economic Aspects 

Stream-bank erosion is a problem of public concern because it destroys 
economic values. It ruins extensive areas for further productive or recre- 
ational use and contributes to the clogging of stream channels, thus 
adding to the hazard of floods. A considerable part of the silt deposited in 
some reservoirs comes from stream banks. Bridges and other structures 
across or near stream channels are damaged by this form of erosion, and 
shifting channels increase the cost of their maintenance. 
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Agricultural areas destroyed by bank erosion usually consist of 
high-value land. While the bank is eroding on one side of a stream, how- 
ever, alluvial land sometimes builds up on the opposite side. The com- 
parative age of trees, measured from the shore inland, has shown in a 
number of instances that land destroyed on one side of a stream was 
replaced by cultivable soil on the opposite side, within a few decades. 
Thus it is indicated that approximately the same number of acres in some 
floodplains have been available for agricultural use many years; and unless 
sedimentation causes serious economic damage, the public concern is not 
so great. 

Erosion of this type, however, is a matter of immediate importance 
to the individual farmer, for it means a decrease in the potential farm 
income. When rich bottomland is destroyed, a vital part of the farm 
assets is lost. 

Frost, water, and ice are the erosive forces that cut away stream 
banks. Scouring, gouging, sloughing, and mud flows are the principal 
processes of bank deterioration. These are influenced by such conditions 
as soil character, presence or absence of a stable cover of trees or shrubs, 
size and character of floods, the velocity of the current, the land use on 
adjacent areas, stability of the river-bed material during floods, and 
climatic conditions. 

The stability of the materials underlying the topsoil often varies 
greatly along the course of a stream. Beds of uncemented gravel or sand 
are very unstable. Ordinarily, heavy clays do not erode easily, although 
large chimks often are split off by frost action. Some deep alluvial silts 
become very unstable when saturated by prolonged inundation and cave 
readily even though the erosive action of the current may be negligible. 

The velocity of stream flow determines to a large extent the rate of 
erosion; other conditions being equal, swift currents scour stream banks 
much more rapidly than slow-moving currents. In some instances, water 
at bank-full stage causes more erosion than floods that deeply inundate 
the alluvial plain, since the flow at high levels sometimes is impeded by 
obstacles in the path of the overflow. 

Stream-bank erosion has become more severe and more widespread 
in recent years because of the more intensive use of alluvial plains and 
their enclosing uplands. In some instances, the process has been acceler- 
ated by neglect. Along the Winooski, for example, it formerly was a 
common farm practice to do some bank-protection work every year. 
This practice was discontinued about ^5 years ago. Subsequently, trees 
were cut to provide more pasture; cattle were allowed to graze down to 
the water’s edge; and plowing was carried to the immediate banks. At 
the more vulnerable points, the banks steadily lost stability, and erosion 
was accelerated. During the largest flood of record, in the fall of 19^7, the 
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banks were laid bare in many places; but at that season, vegetation was 
thick and helped prevent more severe erosion. A winter flood in 1936, 
however, was unhampered by vegetation, and damage by erosion was 
enormous. Since then, even minor floods have caused serious washing. 

Stream-bank Protection 

Two principal types of stream-bank protection have long been used 
in various parts of the world. One involves the blanket method of protec- 
tion, and the other is known as the jetty method. 

The cheapest type of blanket protection is an effective cover of vegeta- 
tion. Along small streams, a good sod of grass often gives adequate con- 



Fig. 'SSS. — Where lower banks are kept soft by fiuctuating water level, control fre- 
quently requires stone rip-rap below and vegetation above. Winooski River, Vermont. 
(Phoiograjph by Soil Conservation Service.) 


trol, except under conditions of severe gouging by ice. Probably, the 
most effective type of vegetative covering under any condition is a stand 
of willow trees about 4 to 6 inches in diameter. Trees must be fenced from 
grazing as thin stands with bare ground between, such as often result 
from grazing, permit erosion to start. Once started, the trees are likely 
to lose their foothold and so induce severe bank erosion. 

Belts of willow trees, planted on the flood plain parallel to the banks, 
are effective in retarding current velocities, thereby reducing the erosive 
force of water and floating ice. Where the lower part of a stream bank is 
under water every year long enough to prevent vegetative growth, it is 
often necessary to cover this more vulnerable section with stone to 
necessary depths below the water line (Fig. 222) or to provide adequate 










tected by anchoring large trees in a continuous line parallel to the bank 
to break the velocity of the current and to cause silt deposition (Pig. ^24). 

Where the banks are so bare that some temporary protection must be 
provided pending the establishment of a protective cover of trees, com- 
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Fig. 225. — Above, destruction of productive bottomland by bank erosion; lower, same area 
controlled with brush matting. (Photographs hy Soil Conservation Service,) 


jetty protection (Fig. £23). In deep water, the timber-pile getty is usually 
more economical and effective. Where current velocities are not too swift 
(less than 3 miles per hour), the toe of the slope sometimes can be pro- 
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pact brush matting, preferably of willows (Fig, £25), generally has proved 
eflPective and economical, even under severe ice conditions. Ordinarily, 
the brush is anchored to stakes with wire; where it is laid parallel to the 
current, weighting with stone or concrete blocks is generally advisable. 
Where ice action is not a problem, the brush may be laid perpendicular 
to the current, as an inducement to deposition of silt. 

At extra- vulnerable points, as sharp bends subjected to swift currents, 
it is sometimes impossible to obtain control through revegetation. Under 
such conditions, it is necessary to riprap the banks with stone. Where 
erosion of highly valuable land must be stopped immediately, a blanket 



Fig. 226. — Control of bank erosion by riprapping, after sloping. (Photograph hy Soil 

Conservation Service,) 


covering of stone or concrete is usually the only practicable procedure 
to follow. 

Blanket protection of any type requires some preliminary sloping of 
the bank (Fig. ££6). Under some conditions, the jetty type of control 
must be used. This can be used alone or in combination with blanket 
protection. The types of jetties to be used, and the necessary spacing and 
distance for extension into the stream, will vary with the size of the 
stream, channel gradient, maximum expected velocity, character of flood 
flow, ice conditions, and availability of construction materials. Effective 
jetties have been constructed of barriers of trees, timber piles, stone, pipe 
and concrete tetrahedrons, automobile frames, and other materials. 
Timber piles have proved particularly successful, both as jetties and as a 
means of assisting in the control of especially vulnerable banks (Fig. ££7). 
In some parts of the West, where ice is not a serious problem and where 
large quantities of silt are transported, loose jetties of brush, piling, 
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automobile frames, and crisscrossed pipe have given adequate protection. 
Permeable4ype jetties are generally the most successful, since they not 
only slow down the velocity sufficiently to cause silt deposition but help 



Fig. 227 . — Caving bank (above) controlled (below) by sloping and use of piling and wired 
willow matting. (Photographs hy Soil Conservation Service.) 

stop bank erosion. Impermeable jetties, functioning as dams, are often 
more expensive and more likely to induce scouring. 

Very small streams generally can be protected with such simple and 
cheap measures as bank sloping and planting of’ willows. In the low- 
rainfall areas of the West, particularly in the Southwestern range country, 
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numerous waterways that formerly were well stabilized and of diminutive 
size have been converted into deep gullies or broad washes, as the result 
of overgrazing of watersheds.^ Increased volumes of runoff from such 
abused areas start erosion along the channels; soon a U-shaped gully is 
opened. This spreads by a process of bank undercutting until, in many 
instances, the entire alluvial plain is washed out. The only cure for this 
type of bank erosion is to rehabilitate the range and protect the wash or 
gully with plantings of trees, shrubs, or other adaptable vegetation. 

The choice of bank-protection measures is an individual problem for 
each stream and must be based on careful study of existing and expected 
conditions. Ingenuity is often the keynote of the design and construction 
of stream-bank protection works. 

1 Bryan, Kirk. Rate of Channel Trenching (Arroyo cutting) in the Arid Southwest, 
Science, Vol. 62, pp. 338-344, 1925. Bailey, Reed W. A New Epicycle of Erosion, Jour, of 
Forestry, Vol. 35, pp. 997-1005, 1937. 





Chapter XXVII. Water Spreading 


As a means of providing additional water needed for establishing or 
restoring a protective cover of vegetation in areas where rainfall deficiency 
ordinarily restricts the development of an adequate cover for erosion 
control, water spreading can be used effectively on many lowland areas. 
The practice is proving especially useful in western United States. Not 
only is erosion controlled, but silting is reduced, more water is held back 
from flood streams, the underground water supply frequently is 
replenished, range forage is increased, and opportunity is developed for 
small-scale production of feed and subsistence crops. 

Water spreading has to do with the direct utilization of rainfall runoff 
for surface irrigation. It is simpler and less expensive than indirect 
irrigation through the use of runoff stored in reservoirs. Under the direct 
method, runoff is intercepted, diverted, and redistributed over the down- 
slope surface by various combinations of dams, dikes, ditches, furrows, 
and other structures. 

The utilization of flood water in the production of crops dates back to 
ancient time. It probably originated in arid regions where the periodic 
overflow of rivers, such as the Nile, was used directly to water crops on 
adjacent desert land. Early writings pertaining to Mexico and western 
South America casually mention the use of irrigation canals as a feature 
of the agriculture of those regions. In southwestern United States, 
particularly in Arizona and New Mexico, remains of irrigation dikes and 
ditches have been found that antedate the advent of the Spanish explorers 
of the sixteenth century. Flood-water farming was an important practice 
in the economy of the prehistoric sedentary Indians of the Southwest. 
Situations favoring the use of this practice largely determined the location 
of many of the pueblos. Early Mormon settlements also usually centered 
around small flood-irrigation projects. 

The earlier attempts at irrigation were primitive in character and con- 
sisted principally in assisting nature to spread water over bottomlands 
and low flats during flood periods (as under the system of temporals used 
in Mexico and southwestern United States). The same principle is 
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involved in modern water-spreading efforts, but the methods and struc- 
tures used are changing continually as improvements are developed. 
The extent to which water spreading can be utilized economically on 
range and farm lands has not been fully determined. Although distinct 
benefits have been obtained in many favorable situations, results in other 
places have been less encouraging. The practice frequently is a precarious 
one from the standpoint of economy, where ultimate results are dependent 
solely on the additional moisture provided by water spreading. Adaptable 
areas are generally isolated, and success often is determined by the success 
of the entire agricultural enterprise of which water spreading is a part. 
Involved with the success or failure of the practice, the uncertainty of the 
weather usually is an important factor. 

Water spreading has been limited largely to the arid and semiarid 
sections of the West. It has been used in connection with the rehabilita- 
tion of the range and for crop production. The soil on which water is to 
be spread should be fertile, of gentle slope, and capable of absorbing and 
making productive use of the extra water. This method of supplementing 
rainfall on selected areas should be used only under conditions of proper 
grazing control and other conservation practices, if needed. 

A.daptabiKty of Land for Flood Irrigation 

Where the soils are generally rich and of favorable permeability, and 
the slopes gentle and smooth, the annual amount of rainfall may provide 
a general guide in determining the adaptability of land to water spreading. 
Areas having an annual rainfall of less than 8 inches, or a growing-season 
rainfall of less than 4 to 5 inches, may not produce sufficient runoff to 
justify the installation of a water-spreading system. Where the annual 
rainfall ranges from 8 to 14 inches, the most productive possibilities of 
water spreading may be for the improvement of range forage or the 
production of supplemental feed. Under especially favorable conditions 
of soil and topography, such dry-land crops as the southwestern varieties 
of Indian corn can be grown successfully. With a rainfall of 14 to 25 inches, 
the opportunity for successful production of supplemental feed and 
cultivated crops is generally much more encouraging. 

Water-Spreading Principles 

Measures designed for water spreading vary with the purpose for 
which they are to be used. Certain basic principles govern the design of 
any well-planned water-distribution system. They involve consideration 
of the minimum, normal, and maximum flows, character of the silt load, 
diversion sites, size of spreading area, texture and fertility of soil, topog- 
raphy, disposal of silt and waste water, and construction and maintenance 
of diversion and spreading structures. 
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When water first comes into contact with most soils, initial absorption 
takes place quickly. Thus, by the time the water has reached the lower 
end of a flooded area, the upper end will have absorbed both the initial 
intake and the continued intake during the full period of flooding. For 
this reason, the amount of water diverted over a given area should be 
regulated, as nearly as practicable, at the head of the area, so as not to 
exceed the amount necessary to cover the tract. If it is impracticable to 
avoid the use of extra water, provision should be made to handle the 
waste at the lower end of the tract to be flooded. It is advisable to spread 
the water as evenly as possible over the area and to control the velocity 
so that maximum absorption may be obtained with a minimum of soil 
movement. Distribution is accomplished primarily by proper spacing of 
contour furrows; by subsoiling; by proper placement of brush, rock, or 
woven-wire 'percolators (porous structures for retarding and spreading 
water) ; and by masonry, concrete, or other type of spreader. Where large 
quantities of silt are involved, it is also desirable to give some considera- 
tion to its even distribution. This may require some adjustment in the 
gradient or location of spreader structures so as not to concentrate too 
much coarse sediment near the point of diversion. 

As yet, standard specifications have not been developed for water- 
spreading structures. Methods of construction and location and type of 
structure are largely controlled by local conditions. The spreading system 
must, of course, be fitted to the expected amount of runoff, the size and 
surface configuration of the area, and the soil, for most efficient use of 
the water. Much depends on the experience and skill of the man who 
selects the site and installs the system. 

Water Spreading on Range Land 

Methods of retarding and spreading runoff have their most extensive 
application to those smoother grazing lands of the West on which range 
management alone is either too slow or too uncertain in restoring desirable 
vegetation. Such measures are particularly adapted to the broad alluvial 
and valley-fill areas (Fig. ^ 28 ) . Before they were scoured by sheet washing 
and cut with gullies, these valleys generally were considered the best 
range lands of the West, Flood waters formerly spread naturally over 
them, providing sufficient moisture to sustain an adequate cover of 
vegetation for prevention of rapid nrnoff and erosion. Now, water is con- 
centrated in the gullies, thus depriving the adjacent flats of needed 
moisture. The objective of flood irrigation under such conditions is to 
take the water out of the gullies and spread it artificially where it formerly 
flowed naturally. 

Where runoff, concentrated in a broad, shallow gully or wash, is to be 
spread over adjacent areas, a series of small graded furrows, ditches, or 
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ridges (small embankments or dikes) provide one of the simplest means 
for diversion and spreading. Frequently, a combination of graded and 
level furrows or ridges will give the most effective results. Direct diversion 
is accomplished by systematically locating the furrows or small dikes so 
that each turns out a small quantity of flood water, usually not more 
than 1 or 2 second-feet, from the wash and conveys it over the spreading 
area. In some instances, small check dams or diversions serve to divert the 
flows into the graded furrows or ditches or along the embankments; but 
frequently no such structure is necessary, if the diversions can be extended 



Fig. 2^8. — Recovery of Saccaton and other grasses on a valley-fill area formerly 
denuded by overgrazing, as the result of flood irrigation with water diverted from a rapidly 
eroding gully. Near Mexican Springs, N. M. {Photograph by Soil Conservation Service,) 


across or well into the depression from which the water is to be diverted. 
Additional furrows or percolators are frequently constructed on the 
contour below the discharge end of the diversions, in order to spread out 
the discharged water. With enough diversions of this type on both sides 
of the channel, large flood flows sometimes may be disposed of entirely, 
so that water that formerly was running to waste and cutting away rich 
soil is tmned to economic use, and the erosion is stopped. 

This type of treatment has been practiced for a number of years by 
some ranchers in southern Colorado. Here, the primary purpose has been 
to increase production of range forage, but an incidental eSect has been 
the prevention of gullying. 

On uniform slopes, contour furrows and ridges generally can be used 
advantageously with all types of spreading systems to minimize concen- 
tration of water in natural depressions and to increase absorption. Close 
spacing of furrows and ridges is advisable immediately above gullies, 
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critical slopes, and irrigation canals. Furrows for retaining, rather than 
conveying, water (Fig. 229) usually are turned upslope as gullies or 
natural depressions are approached, in order to close the ends. Where soil 



Fig. 230. — A contour water-spreading system made of rock. Texas. [Photograph by Soil 

Conservation Service.) 


conditions are unfavorable to the use of furrows, subsoiling is practiced, 
or brush, rock (Fig. ^30), low woven-wire percolators, or concrete worm 
spreaders are used, according to local conditions and availability of 
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materials. Subsoiling on the contour usually results in increased absorp- 
tion. Contour percolators, constructed of loose rock, brush, or wire, serve 
to slow up and spread the runoflF. Silt usually is deposited immediately 
above such structures, and this, together with the additional moisture, 
favors the establishment of vegetation, either naturally or artificially. 
Thinning of dense stands of sagebrush, combined with the use of the 
brush to build contour percolators, is giving excellent results in eastern 
Utah and western Colorado. 

Where flattish slopes and heavy flows are involved, concrete worms 
have been used with good results on the Gila River soil and water con- 



Fia. 231. — Earth dike used for diverting runoff from an active gully head, and con- 
veying it to a spreading area for flood-irrigation. New Mexico. {Photograph by Soil Conserva- 
tion Service.) 


servation project in Arizona, in spreading water evenly over relatively 
long distances. The worms, constructed in the form of low, askew sections 
not exceeding 4 inches in height, impound part of the water and spread 
the remainder. 

In many of the broad valley-fill areas used for grazing, the procedures 
employed for gully control and water spreading are much the same. A 
combination earth-fill dam and broad-base earth dike is generally used 
wherever practicable to turn all the water out of active gullies (Fig. 231). 
In some instances, the water is diverted with earth dikes before it reaches 
the gully. By means of carefully constructed openings in the dikes (weirs, 
or weeps) ^ part of the flow is released at strategic points along the struc- 
ture, and the remainder is discharged at the end. Where necessary, the 
water is spread still farther by furrows, ridges, or percolators strategically 
located below the discharge points. Where the gullies have long been 
established, waterways are restricted to locations where water rights are 
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not involved and where the spreading areas are of sufficient size and 
permeability to absorb all the diverted water. Locations for diversions 



Fig. — Hay produced on Mexican Springs Project, New Mexico, following flood- 

irrigation of tKe area with water diverted from an expanding arroyo. Previously, tHs water 
ran to waste, carrying large quantities of silt into the San Juan River, thence into Lake 
Mead. {Photograph by Soil Conservation Service.) 



Fig. 233. — Navajo corn produced by flood-irrigation near Mexican Springs, N. M., 
1935. Yield ran to above 40 bushels per acre on some parts of this field. {Photograph by Soil 
Conservation Service.) 


should be selected where deposition of silt is likely to be least 
troublesome. 
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Outstandingly successful results have been obtained with complete 
diversion of gully flood flows on the Navajo and Rio Grande soil and 
water conservation projects, in New Mexico and Arizona. Here, native 
vegetation is stabilizing the banks and beds of the gullies below the point 
of diversion, and the rejuvenation of vegetation over adjacent flooded 
land has been very marked. In some instances, such flood irrigation has 
so increased the growth of grass as to make possible the cutting of hay 
(Fig. ^3^) and the production of splendid yields of Navajo corn (Fig. 233}. 



Pig. 2S4!. — A combination diversion and spreading system for rehabilitation of range 
on rich valley land, New Mexico. The structure in the water channel diverts normal runoff 
and by-passes surplus runoff during peak flows. A system of loose rock percolators located 
on the contour spreads the diverted water over the adjacent land, where it is absorbed. 
{Photograph hy Soil Conservation Service.) 

Where local conditions prevent complete diversion, partial diversions 
have been made to good advantage. Partial diversion from large gullies 
may necessitate the construction of a combination type of overflow 
diversion dam for by-passing minimum or normal flows and for controlled 
diversion of flood flows (Fig. 234). Since masonry or rock structures may 
be required for this purpose, the cost sometimes prevents their use. In a 
number of instances, however, results have justified the expense. 

Water Spreading for Crop Production 

In the low-rainfall sections of the West where dry-land farming is 
practiced, and where the slopes are moderate and the soils deep, fertile, 
and permeable, many opportunities are afforded for effective utilization 
not only of the direct rainfall but of runoff from adjacent land. At the 
Spur branch of the Agricultural Experiment Station, in west Texas, 
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diversion of the runoff from 1,£00 acres of pasture land over a near-by 
l^O-acre terraced field of gentle slope resulted in such marked increase 
in yields that the practice has spread widely within the last few years. 
Even the diversion of water from highways over adjacent fields and 
pastures is becoming a common practice in a number of western localities. 

Excellent results have been obtained with two methods of water 
spreading on the soil and water conservation demonstration project near 
San Angelo, within the drainage basin of the upper Concho River, in west 
Texas: one by a syrup-pan system of terracing or diking, and the other by 



Fig. &B5 . — ^Water flowing round the end of one of the terraces in a syrup-pan sys- 
tem used for spreading runoff over a 160-acre Texas field. {Photograph hy Soil Conservation 
jSemce.) 

rationing the diverted water into a system of closed-end level terraces. 
Frequently, a combination of the two methods is used on the same field. 

In this locality, large areas of rich crop and grazing land, in the valleys, 
are so gently sloping (much of it having a slope of less than % per cent) 
and so permeable that these systems are easily installed and maintained. 

The syrup-pan system is so designated because the water is made to 
flow back and forth across the field in the same manner as cane juice is 
processed in open syrup pans (Fig. ^35). An upper terrace, collecting 
runoff from a drainageway or adjacent swale, carries it across the field 
to the opposite end of the terrace, where the unabsorbed water is dis- 
charged so as to be intercepted and turned back across the field by the 
next terrace below. The water is thus directed back and forth across the 
field until all of it is absorbed or any excess is discharged into a stabilized 
outlet at the lower side of the field. 
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Under the rationing system, each terrace receives a controlled amount 
of flood runoff from either a natural or an artificial drainageway. The 
purpose is to distribute the water between the terraces in amounts that 
will be absorbed by each of the interterrace areas. Various methods are 
used to regulate the amount of water delivered to each terrace interval. 
Merely regulating the inlet elevations is sujfBcient in some instances, 
whereas others require weirs with automatic or hand-operated gates. 

The rate at which 'water may be added safely to an area depends on the 
infiltration capacity of the soil and the carrying capacity of the terraces. 
The soil should be capable of absorbing all the water applied within at 
least 48 hours; otherwise, crops are likely to be injured. On the San Angelo 
project referred to, the impounding systems providing surface irrigation 
water for relatively large interterrace areas have a capacity of approxi- 
mately 2.3 second-feet per acre. 

As the acreage rate of water applied increases, the construction cost 
of the diversion system also increases, because of large-capacity require- 
ments. In order to determine the most economical installation, some 
balancing as between construction costs and expected increase of yield 
must be accomplished. Observations of water spreading by these methods 
indicate that under conditions similar to those on the San Angelo project, 
the ratio of the contributing watershed area to the area to be surface 
irrigated should be about 8 or 10 to 1. More effective and uniform flood 
irrigation may be expected where the system is designed to utilize eflB- 
ciently the average annual runoff and to by-pass a portion of the peak 
flows rather than to plan for the utilization of only the peak runoff, since 
with an insufficient area in the contributing watershed the water supply 
would be inadequate during normal rains. 

The net returns from water spreading are sometimes so modest that 
improper construction or misapplication of either type or size of system 
used may easily render the whole enterprise unprofitable. 





Chapter XXVIII. Wildlife and 
Soil Conservation 


Soil conservation and wildlife conservation both depend funda- 
mentally on the reestablishment and maintenance of vegetation. Each, 
therefore, may not only make important contributions to the other but is 
actually essential to the other’s highest expression. Without soil con- 
servation, climax vegetation with its associated animal life must largely 
disappear; without wildlife conservation, the vegetation is deprived of 
important protection, and ultimately the soil itself must lose the benefit 
of a powerful factor in its upbuilding — the direct influence of animal life.^ 

To insure a clear understanding of the relation between wildlife and 
soil conservation, it is necessary first to consider the basic requirements of 
wildlife and some of the factors that have contributed to former wildlife 
abundance and its subsequent decline. 

The term wildlife, as used here, is restricted to undomesticated verte- 
brate animals. The basic essentials of existence for such animals are cover, 
food, and water — usually of relative importance to land animals in the 
order stated. 

With few exceptions, all wildlife must have cover of some sort — cover 
in which to conceal its home, cover into which it may dart when attacked 
by an enemy, cover in which to rest or sleep or in which it may find 
protection from the elements. Some animals require several kinds of cover, 
either at the same season or at different seasons of the year; others are 
less exacting. But all are alike in that, when they do need cover, it must 
be in such proximity to their food supplies that they will not be unduly 
exposed when foraging. 

Without exception, all wildlife must have adequate food at all seasons 
in order to survive. Summer and fall are usually seasons of plenty; but 
unless the supply continues to be available during the critical periods of 
winter and early spring, the resident wildlife population is doomed. To 

^Holt, Ernest G. ‘Tnflnence of Animal Life on Soil and Water Conservation.” In 
“Headwaters Control and Use,” pp. 197-198, Washington, D. C., April, 1937. Van 
Dersal, William R. The Dependence of Soils on Animal Life, ^d North American Wildlife 
Conference Trans., pp. 458-467, 1937. 
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be available, food must not only be physically accessible (not covered by 
deep snow, for example) but must lie within safe foraging distance from 
habitable cover. Some animal species have different food requirements at 
different seasons, and the various items of diet must be available when 
needed. For example, many birds, which when adult live almost wholly 
on seeds, feed their nestlings on insects and soft fruits. Such birds, though 
not ordinarily thought of as insectivorous species, serve an important 
function in helping to hold insect populations in balance. The bobw^hite 
is one of these. 

Although free water is not essential to some quail, rabbits, and rodents, 
it is sometimes the limiting factor in the habitability of areas otherwise 
favorable for wildlife. Like food, water must be in such relation to cover 
that animals seeking a drink or bath will not fail too easy prey to their 
enemies. 

The basic requirements of any given species, then, must stand in 
proper spatial relation one to another. Every element essential to the 
existence of any animal must be found within the cruising radius of that 
animal. The cruising radius of the bobwhite, for example, is generally 
about half a mile. Every need of the bobwhite, therefore, must be found 
within half a mile of the covey headquarters; but that is not all. The bob- 
white will not cross open spaces of any great width, so unless strips of 
cover (travel lanes) connect the essential elements in a given environment, 
it is uninhabitable for the bird. Shocks of corn standing in a snow-covered 
Wisconsin field a hundred yards from a dense plum thicket may not be 
available to a covey of quail headquartering in the thicket. The value of 
vegetated fences, or strips of cane or corn across wide fields, in rendering 
all parts of a farm accessible to quail and other forms of animal life is at 
once obvious. Save for the fences and corn shocks, only those portions of 
the fields adjacent to the woods would be available as quail range, and 
vast quantities of food in the fields would be inaccessible. 

Another wildlife fundamental is that an’mals generally are found in 
greatest numbers, both species and individuals, along the line of junction 
between diverse types of vegetation — for example, the margin between 
fields and woods. This fact has given rise to the expression that wildlife 
is a phenomenon of edge. It explains why woodland in even-aged pure 
stand is so notoriously devoid of wildlife. In the encouragement of wild- 
life, therefore, efforts would be directed to the improvement of edge 
effect and to the maintenance of woodlands of mixed species of all age 
classes. Such a woodland is shown in Fig. £36, which represents, inci- 
dentally, the highest known type of soil protection. Contrast this vdth 
the woodlot shown in Fig. £37, almost of an even age and rendered 
devoid of undergrowth and ground cover by the grazing of cattle. The 
one will support a normal wildlife population, including ruffed grouse; 
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the other, nothing save a few small arboreal birds and perhaps a family 
of squirrels. 






Fig. 237. — A grazed woodlot of even-aged trees offers but little soil protection, steadily 
decKnes in timber production, and harbors a minimum of wildlife. Pennsylvania, {Photo- 
graph by Soil Conservation Service.) 


iVlthough these fundamentals pertain especially to land forms of 
animal life, they apply with but slight modification to fish as well. Fish, 
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too, must have cover and food; and of course water is all-important. 
Protection from enemies (cover) is as essential to fish as to land animals. 



Fig. 239. — Proper treatment of watersheds and protection of stream banks are impera- 
tive to safeguard aquatic habitats. Contrast this luxuriantly vegetated Wyoming stream 
of clear, cool water — alive with fish — ^with that in Fig. 23S. {Photograph hy Soil Conservation 
Service.) 

Moreover, the quality of the water itself is highly important to fish. 
The best game fish can live only in clear, cool water practically free of 
silt or other pollutants. For fish, silt is the most deadly of erosion prod- 
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ucts; it buries their eggs, clogs the gills of their young, and, by occluding 
light, destroys aquatic vegetation and the plankton on which they 
ultimately depend for food. Pish inevitably disappear from a stream well 
before the deposition of debris and the obliteration of the channel cause 
its actual physical destruction, as shown in Fig, 238. In Fig. 239 may be 
seen all the elements of a satisfactory aquatic habitat — clear water, plenty 
of both marsh and aquatic vegetation to supply ample cover and some 
food, and banks well shaded and protected against cutting by a heavy 
growth of shrubbery. 

Abundance and Scarcity of Wildlife 

Current ideas concerning the present scarcity of wildlife as com- 
pared with the assumed universal abundance of presettlement times are 
often marked by the acceptance of erroneous premises. 

In the first place, scientific evidence does not lend support to the idea 
that all primeval forest abounded in animal life. Wildlife was doubtless 
plentiful about the clearings made by Indians, fires, and high winds; yet 
periods of game scarcity were not unknown to the aborigines, as attested 
by their legends. Nevertheless, relative to human needs, fish and game 
were abundant when the first white men came to America and for a 
considerable period thereafter. 

Changes Following Occupation of the Lane. The gradual settle- 
ment of the country, however, brought about slow but profound changes. 
Primeval wilderness gave way before the inexorable march of colonization. 
Corn and tobacco sprang up where virgin forest had shaded the soil for 
centuries; wheat appeared where only tall prairie grasses had bowed to 
the breeze. The effect on the animal population was equally profound. 
The bison, elk, moose, antelope, panther, wolf, and marten — wilderness 
creatures all — ^were slowly but surely, like their habitats, reduced to 
scattered remnants and will likely so remain because they cannot cope 
with the conditions imposed by civilization. The prairie chicken and sage 
grouse are in much the same case, though they might be restored if 
overgrazing were controlled. Although still existing in considerable 
numbers, bear, deer, and wild turkey over most of their ranges have 
been driven to the larger blocks of remaining forest held by Federal and 
state agencies. 

For some wild , species, however, agriculture for a considerable time 
created nearly ideal conditions. The interspersion of swamps and timber- 
land with farms producing small grains and other food crops while 
tolerating much brushy cover resulted in a great increase in bobwhite, 
cottontail rabbit, and numerous nongame birds. The bobwhite and 
cottontail not only increased in numbers but extended their ranges into 
new territory. At the same time, the vast flocks of passenger pigeons, 
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which Audubon and others say darkened the sky in their flights, were 
reduced to actual extinction, not, however, through destruction of 
habitat but by wanton killing. 



Fig. 240.™ Upper, Lake Como in southeastern Minnesota, once afforded fishing, swim- 
ming, and boating to the community of Hokah. Photograph made in 1926. Lower, ten 
years later the lake shown in upper picture had become a mud flat, with all values destroyed 
as the result of erosion over the watershed, (photographs by Boil Conservation jS ermce.) 

Results op ‘"Clean"" Farming. The heyday for farm wildlife was 
followed, however, by a period of more intensive use of land, marked by 
great improvements in farm machinery and the development of clean 
farming. This cleaning out of fence rows and stream banks and the turn- 


574 


SOIL CONSERVATION 


ing of woodlots into pastures started a decline among the very species 
that had adapted themselves to an agricultural environment, while the 
remaining virgin areas continued to shrink with the increased demand for 
farm land, lumber, and wood pulp and with the expansion of grazing 
on the Western ranges. 

So today, farms that only a few years ago were alive with birds, 
rabbits, and squirrels can boast little but starlings and English sparrows; 
once splendid mountain forests of the West, where deer and wild turkey 
were plentiful, have been reduced in many localities to barren sheep 
range; where numerous prairie chickens formerly lived in rich grama 
grass, cattle now compete for the vanishing forage. With this accelerated 
denudation of the land, and the disappearance of the animals dependent 
on the destroyed vegetation, have come about a corresponding acceleration 
of erosion, and the disappearance of much of the topsoil that was pro- 
tected by the destroyed vegetation. This soil has been washed down into 
lakes, ponds, and streams; and where once were good swimming, boating, 
and fishing, there is now only a murky trickle across a mass of mud 
(Fig. ^40). Many natural lakes, springs, and marshes, and even streams, 
have dried up as the result of (1) too rapid runoff of rainfall from devege- 
tated and soil-stripped watersheds and (%) the expanding of outlets and 
lowering of the water table by the gullying process. 

Such facts have given rise — and not without some reason — to the 
idea that "‘wildlife deserts” are left in the wake of destructive erosion. 
Although it is not definitely known that any species of animal or plant 
has been exterminated through the agency of erosion alone, it is a matter 
of common observation that the removal of topsoil by erosion*** has 
greatly altered and even rendered uninhabitable certain territory 
although usually of limited extent, Beaver, for example, have been forced 
to move to new locations by the sedimentation of their ponds; and 
profound changes have been brought about in the faunas of some streams 
by suspended silt. In parts of the Great Plains, wind erosion following 
cultivation has changed areas of grassland to actual desert where 
only sand-loving animals and plants can now survive. In the South- 
west, many valley-fill and alluvial areas, once richly grassed, have 
been gutted by erosion channeling to a condition of desert, as the result 
of accelerated erosion produced by overgrazing. Lakes and marsh pools 
that formerly were visited by waterfowl have dried up in various parts 
of the West because of rapid runoff following depletion of vegetation 
and resultant erosion on the range. 

Importance of the Wildlife Resource 

As wildlife has decreased, human demand for it has increased, par- 
ticularly with respect to game species and fur bearers. Relative to human 
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needs, wildlife is now scarce indeed. Much more is needed than now 
exists, and the desired increase can be brought about only through posi- 
tive human effort expressed in fish and game management. Because of the 
intimate relations between soil, vegetation, and animal life, the needed 
habitat reconstruction can be accomplished largely by appropriately 
planned operations for the conservation of soil and moisture. 

The importance of wildlife is as far-reaching as it is difficult of evalua- 
tion by such a purely artificial standard as money. To the early pioneer, 
game was vital as food, fur as clothing. But the importance of animal 
life to human life is far more fundamental than the role that it has 
played in permitting the white man to occupy new territory; it reaches 
right back to the soil, on which all life ultimately depends.^ 

Insects are regarded as the greatest of man’s enemies save man him- 
self. Unchecked, they probably would render the planet incapable of 
supporting human life. The role of birds as a constant repressive influence 
on insects is well known by specialists but not at all adequately under- 
stood by the public. The check exerted by other vertebrates is even less 
widely known although very important. 

The biologic importance of wildlife, its position as a vital link in a 
highly complex chain of interrelations that impinge at innumerable 
points upon human life, may safely be accepted without further delving 
into ecology. 

The social importance of animal life is second only to its biologic 
importance. The clear perception of these facts led President Theodore 
Roosevelt to champion the cause of wildlife conservation; it moved 
President Franklin D. Roosevelt to call together in Washington the 
conservationists of a continent for a North American Wildlife Conference; 
it inspired the Secretary of Agriculture to address the second convocation 
of that conference in these words 

*^As a people we have been intensively engaged in developing and using 
machinery to subdue nature; we have turned the power generated from other 
natural resources of coal, petroleum and electricity to the soil and the things 
which grow from the soil. Wildlife is one of these. It is necessary to readjust our 
perspective and devote a much larger proportion of our interest to the subject 
of life itself. Every form of life has value and interest of some sort; even the most 
insignificant creatures may be found to exercise the most profound influences 
upon mankind. 

“It is particularly important that the restoration and conservation of our 
wildlife resources be given recognition as a national obligation of great significance 

^ Van Dersal, William R. The Dependence of Soils on Animal Life, 2d North American 
Wildlife Conference Trans., pp. 458-467, 1937. 

2 Wallace, Henry A. Address, 2d North American Wildlife Conference Trans., pp. 15-19, 
1937. 
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at this time when Americans are earnestly endeavoring to readjust social and 
economic balances so that the benefits and profits of progress may be fairly 
distributed among all classes of people/’ 

The economic importance of wildlife is deliberately relegated to third 
place in this appraisal. Biologic and social considerations outweigh 
economic reasons for conserving it. Nevertheless, the monetary value of 
the nation^s fish and game resources is enormous. Some states, like 
Minnesota, now recognize the fact that wildlife is the chief attraction for 
a tourist trade running into millions of dollars annually. License fees 
alone from the country’s estimated 13,000,000^ sportsmen are sufficient 
to put hunting and fishing in the ranks of big business. The additional 
millions that these same sportsmen spend for guns, ammunition, tackle, 
camping equipment, travel, and so on is estimated by the Biological 
Survey to bring to about a billion dollars the amount annually poured 
into the channels of trade by those who hunt and fish. Remove the 
incentive, and this flow of money ceases. 

These figures refer only to money spent in harvesting game and fish for 
sport. Although the fur catch of the United States has declined steadily 
for many years past, its total annual value still runs between 60 and 65 
million dollars. A large proportion of the catch is taken by the farmer 
or his boy in agricultural districts, and the animal topping the entire 
catch, both in number of pelts and total value of fur, is the muskrat. 
This is a species that occurs naturally in nearly every state; it is easily 
managed and may be cropped on any farm fortunate enough to have a 
permanently wet marsh. 

Relation of Wildlife Management to 
Soil and Water Conservation 

Wildlife management seeks the maintenance and control of wildlife 
populations. Because of the past general decline in wildlife, control is 
usually in the direction of higher population levels. The most obvious 
reason for the decline is the widespread impairment and destruction of 
habitat. As animal existence is impossible in the absence of adequate 
habitat, the most essential steps in management are habitat reconstruc- 
tion and rehabilitation. For the present, therefore, management is 
concerned more with the manipulation of the animaFs physical environ- 
ment than with direct control of the animal itself. Hence, the most impor- 
tant management tool is vegetation. 

Soil conservation seeks the maintenance of soil in situ. This implies 
protection from the destructive forces of wind and water, which, in turn, 
involves the maintenance of adequate cover. The most effective soil 

^ 71st Cong.. 3d Sess, Senate Rept. 1329, p. 4, Jan. 21, 1981. 
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cover is vegetation. For that reason, vegetation is the most important 
tool of soil conservation. 

As wildlife management and soil conservation employ the same tools, 
it follows that, with appropriate direction, the objectives of both may be 
attained through the same operation. 

The close relation of wildlife management to soil conservation is 
further attested by the fact that both must surmount the same obstacle 
in the employment of their vegetative tools. The land has been laid bare 
through the necessity of producing crops to support an increasingly heavy 
human population. The reestablishment of vegetation on these bare 
soils, therefore, is not a simple matter of planting; it involves the whole 
question of proper land use. 

It follows that soil conservation involves the revision of the farm 
layout and its cropping system so as to achieve adequate protection for 
all soil needing it while permitting maximum crop use of all safely tillable 
land in order to insure profitable operation of the farm. 

Animal conservation involves the same problem of attaining its ends 
without upsetting the farm business. But, just as it is possible to farm the 
soil and keep it too, so also it is feasible to farm the soil and conserve 
wildlife. Wildlife is a crop that may be produced over and above other 
farm crops occupying the same land. It can and should be a valuable 
by-product of every well-managed farm plant. Although wildlife needs 
adequate territory — it cannot be crowded — by proper distribution of the 
essential components of its habitat, the entire farm can be made to serve 
Its purpose. By dedicating specific areas here and there to wildlife, the 
whole farm may be made available to this resource without sacrificing 
any appreciable amount of land. 

The selection and treatment of these special areas bring about a 
particularly close tie-up between wildlife management and soil con- 
servation. On every farm, there are numerous areas that may not be 
safely plowed or that have so far deteriorated that crop production on 
them is no longer profitable. They present a high erosion hazard or an 
active erosion problem and cannot be ignored, although advanced erosion 
usually renders control difficult. Such are galled spots, sinkholes, gullies, 
eroding field borders, and cutting stream banks. Ordinarily, these places 
will not support economic types of vegetation; but when planted to 
pioneering types beneficial to wildlife, they become just the areas needed 
to effect desired interspersion of habitat elements by providing a pro- 
tective cover of vegetation to soils on which neither field crops nor climax 
trees will thrive. Thus, wildlife management steps into an important 
breach in the soil conservation program. 

Wildlife management also makes a definite contribution to water 
conservation. Water does not long remain in good condition in unpro- 
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tected reservoirs, farm ponds, and stock tanks. Fence them against 
trampling and contaminating livestock; protect the shores with marsh 
plants against eroding waves; insure the purity of the water by the 
introduction of aquatic plants; shade and cool the water, and reduce 
evaporation with tree and shrub borders — do such of these things as 
may be needed; and not only will the quality of the water be improved, 
but the reservoir will last longer and will become a veritable haven for 
animal life. This has been demonstrated on the Great Plains from Pierre 
to the Panhandle. 

In the relation between wildlife management and soil and water con- 
servation, the contributions are not at all in one direction; the relation 
is reciprocal. Besides the elementary fact that without soil there would be 
no wildlife, nearly all soil conservation operations contribute something 
to the conservation of animal life. Strip cropping multiplies the amount of 
edge manyfold. Every measme that holds any soil in place keeps just 
that much from washing down to pollute streams and clog reservoirs. 
When the combined measures make it possible for streams again to run 
clear, fish may be restored to them. Before that time, there can be no 
fish management. 

Wildlife Practices in Soil Conservation. In the vegetative 
protection of gullies, galled spots, sinkholes, abandoned roadways, 
eroding field borders, and rough places about the farm as well as cutting 
stream banks and pond and lake shores, wildlife plantings offer the best 
solution of the erosion problem. This is true (1) because the plant species 
adapted to wildlife needs generally are those most likely to succeed under 
the ecological conditions imposed by such sites and (2) because the areas 
usually are too small or too inconveniently located for the profitable 
production of economic plants, even if they could thrive in such places. 
Incidentally, relocating field fences on the contour and protecting them 
with plantings of woody vegetation is good erosion-control practice and 
one of the best possible means of making all parts of the farm available 
to wild animals. 

The type of treatment given these areas is determined by the condi- 
tions- Sometimes nothing more is required than protection from fire, 
livestock, and man; occasionally the engineer’s assistance is needed in 
diverting water or checking its velocity; usually more or less planting is 
necessary in order to hasten the healing process. Species for planting should 
be chosen on the basis of their (1) adaptation to the sites, {%) ability to 
control erosion, (3) value as wildlife food or cover, and (4) usefulness in 
supplementing existing food and cover. They may be trees, shrubs, vines, 
forbs, or grasses. Whether entirely new habitats are created by these 
plantings or old ones rehabilitated, the ideal sought is adequate food and 
cover at all seasons. 
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Examples of some of the sites mentioned, their treatment, and the 
results are illustrated in the following photographs: 


Gullies 

Galled spots .... 

Field borders 

Stream banks 

Reservoir shores . . 
Shrub baffles 


Fig. Ul 
Fig. 

Fig. 

Fig. 244 
Fig. 245 

Figs, 246 and 247 



Fig. 241 . — ^Upper, a gullied area in an Ohio pasture, worthless to cattle and obviously 
barren of wildlife, fenced and newly planted to black locust. Lower, same area as shown in 
upper picture after two years. Provides cover for many birds and rabbits where none 
previously could live, and reduces runoff entering flood streams. In a few more years a 
supply of fence posts will be ready for harvest. (Pkoiogra'phs hy Soil Conservation Service.) 
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Occasionally, larger areas may, for various reasons, be unsuitable for 
profitable farming or grazing or for timber production. These may be 
managed primarily for wildlife, with excellent results. Examples are 
steep, severely eroded slopes, rough country on the Western range, Indian 



Fig. 242. — Upper, an actively eroding galled spot in the Piedmont of North Carolina, 
although practically barren of vegetation, becomes a wildlife habitat when properly 
treated. Lower, a galled spot similar to that shown in upper picture mulched with pine 
boughs and seeded to lespedezas. By this treatment such places may be revegetated in a 
single season. {Photographs hy Soil Conservation Service.) 

taboo areas, ^ natural vegetated draws in the Great Plains and elsewhere, 
and barren or rocky arid land. Developments on such lands must be at 
once cheaply accomplished and permanent. Eor the most part, protection 
from grazing will permit natural plant succession to revegetate such areas. 

^ Areas within Indian reservations avoided because of superstition. 
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A little judicious planting may be resorted to where erosion conditions 
are too critical to permit delay in revegetation. 

Farm ponds, range water developments, and water conservation 
reservoirs offer the biologist an especially fruitful field of endeavor. 
Wildlife returns are rapid and sometimes amazing. During migration 
periods, ducks stop to rest on even the smaller ponds as soon as the latter 
impound water^ although they are useless to nesting birds until food and 
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tected by a strip of millet and lespedeza to provide soil cover, wildlife food, and to prevent 
encroachment of the woods on the cultivated land. (Photograph by Soil Conservation Sennce.) 


cover are developed. The general practice is to fence such areas (with 
provision, of course, for watering stock), plant the banks to woody 
vegetation and the shorelines to marsh species, and introduce aquatics 
to maintain purity of the water (Figs. S45, ^46, and ^47). As soon as 
cover appears within the protected areas, they are populated by nesting 
ducks, pheasants, and other kinds of birds and often by muskrats and 
other mammals. 

In the establishment of new vegetation or the maintenance of old, 
protection from fire and livestock is of prime importance. Education and 
fencing, therefore, rank with planting as wildlife conservation measures. 

Modification of Other Soil Conservation Practices to Wild- 
life Benefit. Average farms include four types of land: cropland, 
pasture, woodland, and idle land. The first two, and often the third, 
cannot be dedicated to wildlife, and there is seldom much idle land on 
good farms. Hence, the opportunity of improving conditions for animal 
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life would be limited indeed if confined to management measures on idle 
or waste areas. Fortunately, there is no such limitation, for, by appro- 
priate modification of agronomic, engineering, and woodland practices, 



Fig. 244. — Upper, a cutting stream bank in Wisconsin, practically devoid of cover, that 
has been fenced out of pasture and planted to willows protected by a wattle of willow poles. 
Lower, same stream bank shown in upper picture 14 months later. The willows already 
afford protection against cutting, and provide excellent wildlife cover as well as considerable 
cooling shade for the water. (Photographs by Soil Conservation Service.) 

a great deal may be accomplished without the least interference with the 
primary functions of these practices. The margins where fields and woods, 
fields and pastures, or woods and pastures adjoin are insignificant in area 
but, because of their great linear dimension, are of enormous importance 
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to wildlife. Modifications of other technical practices, therefore, usually 
are designed to enhance the value of these borders. 

The principle is well illustrated in Maps 5 and 6, showing the layout 
of a Piedmont farm before and after conservation plan.s were adopted. 



Fig. 245. — Upper, water conservation reservoirs, such as this one recently constructed 
in South Dakota hy the Soil Conservation Service, are potentially the finest wildlife havens, 
but are practically useless in this condition. Lower, when fenced and planted with protec- 
tive vegetation to prevent erosion, wave cutting, and undue evaporation, the same reser- 
voirs are eagerly sought by breeding ducks. (Photographs by Soil Conservation Serviced) 

Agronomic 'practices may be turned to wildlife benefit in numerous 
ways. For example: 

1. Strips of certain legumes, grasses, and other plants may be used to 
protect field borders, where erosion is often severe, especially adjacent to 
woodland. The encroachment of woodland on cultivated fields is an 
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important farming problem. Insect depredations begin not at the center 
of fields or woods but at their edges. This measure, by attracting birds 
to such margins, contributes materially to the solution of the combined 



Fig. 246. — Marsh plants established about the margins of farm ponds prevent wave 
erosion and afford habitats for water-loving birds and mammals. {Photograph hy Soil 
Conservation Service,) 



Pig. 247. Aquatics planted in reservoirs help to desilt and purify the water, improve habi- 
tats for fish, and provide food for waterfowl. {Photograph hy Soil Conservation Service.) 


problem of land use, erosion control, and mutual protection of soil, 
vegetation, and animal life. 

When appropriate plant species are used in protecting terrace out- 
let channels, vegetated terraces, and so on, these strips of vegetation 
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provide food, cover, and breeding areas for certain birds and travel lanes 
for many forms of wildlife. In the Southern States, use of lespedezas on 
the banks of terrace-outlet channels serves those purposes admirably. 

3. The maintenance of a limited number of trees and shrubs in pas- 
tures is of benefit to both wildlife and livestock. 



land-use map before treatment 

RW Knight Farm, Cortersville, Georgia 
230 ocres Scole \ inch* 660 fe«< 

LEGEND. ^ 

1 *1 i I n Cu\tJvo1ed crops Oid wood^ots 

I I Pasture f ~} Idle ond formsleod 

Map 5. — ^Land use conditions on an eroding Georgia farm before treatment for conservation 
of soil, water, and wildlife, {Soil Conservation Sennce,) 

4. Where deferred and rotation grazing is practiced, slight modifica- 
tion of dates for turning stock on an area may often permit successful 
nesting of certain birds. 

5. In computing carrying capacities of the Western range, appro- 
priate reservations may be made for wildlife. 
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6. In regions where large amounts of snow are removed by winter 
winds, shrub bufifer strips or strips of sunflowers or grain sorghums may 
be used in cultivated fields to hold snow in place. These strips provide 
cover and food for wildlife, as well as lanes of travel. They also protect 
fields from wind erosion. 



LAND-USE MAP AFTER TREATMENT 
R W.Knighf Form, Cortersville, Georgia 
230 acre*. Scale I it)ch*660 feet 


i I ! 1 1 Cultivated crops 


LEGEND 


I Pasture 

I Permanent lespedeza 


Kudzu 


Wildlife plantings 
and seedings 

Old woodlots 

New tree plantations 

Farmstead 


Map 6. — Same farm as shown on Map 5, after treatment for conservation of soil, water, and 
wild life. {Soil Conservation Service,) 

7. In fields of corn, legumes, and various grains, the outermost rows 
may be left standing over winter for wildlife food, or, if all the crop must 
be harvested, the farmer may be urged to leave until last those portions 
adjacent to good wildlife cover. 

Engineering practices similarly may yield some benefits: 

1. Structures such as terraces, terrace outlets, dams, spillways, water 
spreaders, and others often need the protection or supplemental action 
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of vegetation for their maximum efficiency. Wherever possible, species 
furnishing food and cover for wildlife should be used. 

Almost without exception, stock ponds should be protected by 
fencing. The shallower portions provide ideal habitats for many animals, 
especially waterfowl and shore birds, when properly planted. Aquatic 
and marsh vegetation may be used at inlets to desilt inflowing water 
and along shores to prevent wave action. Steep banks may be planted to 
herbs, shrubs, and trees to protect the banks from erosion. In more arid 
regions, woody plants of value to animal wildlife may be used entirely 
around the body of water to prevent undue evaporation. 

3. Vegetative protection of stream banks, although often done 
independently, may be carried on in combination with dams, jetties, 
dikes, riprapping, and other engineering devices. 

Woodland practices may be particularly beneficial if planned with the 
welfare of wild animals in mind. Protection from fire and grazing is of 
tremendous value to the animal populations of woodlands. Other prac- 
tices may be shaped to wildlife ends ; for example : 

1. In all operations designed to improve timber stands, the habitats 
should not be impaired; usually they may be actually improved. 

This involves leaving sufficient den trees, not cutting out too many 
‘'weed*^ trees, proper handling of excessive animal populations, main- 
tenance of borders, maintenance of fire lanes, and uneven-aged stands. 

In new woodland plantations, borders of small trees, shrubs, and 
vines of food-producing species should be incorporated in the planting. 
Mixtures of species should be used instead of solid stands. Both practices 
increase not only the value of the habitat but the value of the forest for 
the production ©f wood products. 

3. In the planting of windbreaks for control of wind erosion, low- 
growing shrubs that contribute cover and food should form the outer 
rows. Where necessary to protect the young trees from soil blowing, pend- 
ing their firm establishment, rows of sorghum, Sudan grass, sunflowers, 
or corn may be planted between tree rows and on either side of the 
windbreak. While protecting the young trees, these plants furnish food 
for wildlife. 

4. In cutting operations, wherever adequate winter cover is not 
supplied by normal undergrowth, the slash may he piled to afford pro- 
tection for grouse, quail, rabbits, and other animals. 

Special Practices. Planting of beaver has been carried on in 
several Western areas as a direct aid in the reduction of flood crests and 
silting (Fig. 248), 

A recent survey of results in the Mission Creek watershed of Wash- 
ington, where 12 beavers were added to a small colony in the east fork, 
disclosed 22 dams in a 2,040-foot section of the stream, which impound 
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1.44 acre-feet of water and 5,844 cubic yards of silt. On Ahtanum Creek, 
in the same state, beavers transplanted in 1936 have constructed 
several large dams, one of which, in June, 1937, was 90 feet long and 
7 feet high. This dam now impounds 5 acre-feet of water in a stream with 
65 second-feet of flow. Engineers estimate that it would cost $2,500 
to build a dam of similar effectiveness. 

Establishment of feeding stations is encouraged in regions of heavy 
snowfall as a means of tiding wildlife over periods of critical scarcity of 



Fig. 248. — Beaver planted by the SCS built this reservoir in a sparsely inhabited 
Washington watershed. It is equally efficient and less costly than a man-made one would be. 
{Photograph by Soil Conservation Service.) 


food until wildlife plantings have time to become effective. Except the few 
that are thrown together in woodlot management operations carried on 
as part of the soil and water conservation demonstrations covering the 
coordinated land-use adjustments of farms made under the program of 
the Soil Conservation Service, these stations are built and maintained 
by the cooperating farmers. Grain is supplied by the farmer, the state, or 
local sportsmen’s organizations. Both birds and mammals (rabbits and 
squirrels) flock to these stations in severe weather (Eig. 249). 

Food patches are somewhat similar to feeding stations in their 
emergency aspects, except that they are regularly maintained by farmer 
cooperators with a special interest in game-bird production. They are 
often recommended to complete the wildlife management program. 
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Game cooperatives seem to offer the best implement by \Yhicli the 
farmer may dispose of his game crop for cash and are recommended to 
farmers interested in a financial return from their efforts to improve wild- 
life conditions. Often single farms are too small to offer the gunner suffi- 
cient acreage for a day’s sport, or they may not contain within their 
boundaries the essentials of more than a limited number of game terri- 
tories. By banding a number of farms into a cooperative, both handicaps 
may be overcome, and a better system of game management put into 
practice on the entire area. 



Fig. 249, — Bob white utilizing a feeding station built by CCC boys under the direction of 
SCS in Minnesota. {Photograph bp Soil Conservation Service.) 


Marsh Management. Because of the special importance of marshes 
in both water conservation and wildlife economy, efforts are made to 
insure their protection by interesting the owners in a system of manage- 
ment calculated to yield some revenue from these so-called waste areas. 
Muskrats are so widely distributed and so easily cropped that no farm 
marsh need be without them, if properly managed. Some farmers pos- 
sessing no old marshes to manage have deliberately created new ones. 

Pack-rat Work, After all the obloquy heaped upon the lowly 
rodent, it is refreshing that at least one humble member of that tribe is 
now gaining recognition as a soil conservationist. In Arizona, the pack 
rat’s habit of making its nest in almost any pile of debris and then adding 
to it until the mass reaches huge proportions may be put to work in the 
building of check dams in the numberless small gullies now riddling so 
much of the cactus country. Workmen equipped with forks knock 




590 


SOIL CONSEKVATION 


branches from the cholla cactus and pitch them into small piles in the 
gullies. Later, the pack rats move in, adding to and consolidating the 
piles into effective check dams (Fig. 250). 

Wildlife refuges may serve no direct function in erosion control, but 
they are valuable instruments of management in affording decimated 



Fig, 250. — This pack rat’s check dam, built as a result of SCS encouragement, has arrested 
nearly 4 feet of silt in an Arizona wash. {Photograjph hy Soil Conservation Service.) 


game populations a chance to recuperate. Where eroding land is enclosed 
by such reservations, protection from cultivation, grazing, and fire aids 
in conserving both soil and water. 

Plant Species Used in Wildlife Conservation 

The procurement of plants useful to wildlife in quantity sufficient to 
meet the demands of soil conservation operations has heretofore pre- 
sented difficulties. Most of the more valuable plants had not been in 
demand in the ordinary channels of trade, and the large-scale propagation 
of many species had never been attempted. Among the plants so far used 
in large numbers in present programs of soil conservation work, the 
following have definite wildlife value: 


Dactylis glomerata 
Panieum adspersum 
Paspalum boscianum 
Sorghum vulgare sudanense 


Grasses 

Orchard grass 
Browntop millet 
Bose paspalum 
Sudan grass 
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Herbaceous Legumes 


Chamaecrista fasciculata 

Partridge pea 

C, nictitans 

Small partridge pea 

Desmodium iortuosum 

Florida beggarweed 

Lespedeza sericea 

Sericea lespedeza 

L, stipulacea 

Korean lespedeza 

X. striata 

Common lespedeza 

Medicago sativa 

Alfalfa 

M. hispida 

California bur clover 

M. lupulina 

Black medic 

Seshania macrocarpa 

Sesbania 

Trifolium spp. 

Clovers 

Vida spp. 

Vetches 

Vigna sinensis 

Cowpeas (Bradham) 

Woody Plants 

Berheris thunhergii 

Thunberg barberry 

Callicarpa americana 

French mulberry 

Ceanothus spp. 

Ceanothus 

Celastrus scandens 

Climbing bittersweet 

Celtis mississippiensis 

Southern hackberry 

C. ocddentalis 

Hackberry 

Cornus amomum 

Silky cornel 

C, asperifolia 

Rough-leaf dogwood 

C. jlorida 

Flowering dogwood 

C, paniculaia 

Gray-stem dogwood 

C, stolonifera 

Red osier 

Corglics americana 

Hazelnut 

Crataegus spp. 

Hawthorns 

Elaeagnus angustifolia 

Russian olive 

Fallugia paradoxa 

Apache plume 

Forestiera neomexicana 

Palo bianco 

Ilex spp. 

Wild hollies 

Juniperus mexicana 

Mountain cedar 

J. monosperma 

Cherrystone juniper 

J, scopulorum 

Rocky Mountain red cedar 

J. virginiana 

Red cedar 

Ligustrum spp. 

Privets 

Morus spp. 

Mulberries 

Myrica spp. 

Bayberries 

Parthenocissus quinquefolia 

Virginia creeper 

Finns spp. 

Pines 

Frunus americana 

Wild plum 

F. angustifolia 

Chickasaw plum 

P, demissa 

Western chokecherry 

F, serotina 

Wnd black cherry 

P, virginiana 
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Quercus spp. 

Oaks 

Rhus glabra 

Smooth sumac 

R. trilobata 

Lemonade sumac 

Rohima pseudoacacia 

Black locust 

R. neomexicatia 

New Mexican locust 

Rosa spp. 

Wild roses 

Ruhus spp. 

Blackberries 

Salix spp. 

Willows 

Sambucus canadensis 

Blue elder 

Skepherdia argentea 

Bujffalo berry 

Spmphoricarpos occidentalis 

Snowberry 

8. orhicvlatus 

Coral berry 

Viburnum lentago 

Nanny berry 

V. prunifolium 

Black haw 

V. trilohum 

High-bush cranberry 

Vitis spp. 

Wild grapes 

In addition to the plants listed 

in the foregoing tables, it seems likely 

that the following species, when 

methods of quantity production are 

developed or more is learned about their site adaptations, will prove 

even more desirable for the dual purpose of erosion control and wildlife 

conservation than those now available: 

Amelanchier alnifolia 

Western ser viceberry 

A. canadensis 

Serviceberry 

A. stolonifera 

Creeping shadbush 

Arctostaphylos spp. 

Manzanitas 

Aronia arbutifolia 

Red chokeberry 

Atriplex spp. 

Saltbushes 

Berberis spp. 

Barberries, hollygrapes 

Bvmelia spp. 

Buckthorns 

Celtis douglasii 

Douglas hackberry 

C. georgiana 

Georgia hackberry 

C. pallida 

Desert hackberry 

Chrysohalanus oblongifolius 

Deer plum 

Cowania stanshuriana 

Quinine bush 

Crataegus spp. 

Hawthorns 

Croton spp. 

Shrubby crotons 

Elaeagnus argentea 

Silverberry 

Ephedra spp. 

Ephedras 

Gaylussacia spp. 

Huckleberries 

Juniperus spp. 

Junipers 

Lycium spp. 

Desert thorns 

Malus spp. 

Wild crab apples 

Photinia arbutifolia 

Christmas berry 

Prunus spp. 

Wild plums, cherries 

P. besseyi 

Western sand cherry 

Rhammis californica 

California buckthorn 
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Rhus spp, 

R. canadensis 
Samhucus spp. 
Sassafras albidum 
Smilax spp. 

Sorhus spp. 
Symphoricarpos spp. 
Vaccuiium spp. 
Viburnum spp. 
Xanthoxylum spp. 


Sumacs 

Fragrant sumac 

Elderberries 

Sassafras 

Thornless green briers 
Mountain ashes 
Snowberries 
Blueberries 
Viburnums 
Prickly ashes 


Wildlife Species Encouraged 

No species in a community, unless it happens to live a very isolated 
life or be very rare, is without effect on the other members of its com- 
munity, This is ecological law. A corollary is that measures designed to 
foster the increase of one species automatically affect numerous other 
species in the same community. 

Therefore, habitat improvement to encourage the increase of game 
birds, game mammals, or fur bearers must automatically have a bene- 
ficial effect on song and insectivorous birds and other nongame animals. 
Wildlife management on the farm should benefit wildlife as a whole. 
There may seem to be compromises when emphasis is placed on the 
production of those forms which offer a tangible return to the farmer. For 
psychological reasons, the production of game animals and fur bearers 
may be stressed, but the creation or reconstruction of habitats for wild- 
life in general is the actual goal. 

Among the animals normally benefited by wildlife-encouragement 
practices in connection with soil conservation are the following game and 
fur-bearing species: 

Game Birds Game Mammals Fur-beabers 


Bobwhite 

Cottontail rabbit 

Beaver 

Scaled quail 

Marsh rabbit 

Mink 

GambePs quail 

Squirrels 

Muskrat 

California quail 

Foxes 

Opossum 

Ruffed grouse 

Deer 

Raccoon 

Sharp-tailed grouse 

Antelope 

Skunks 

Sage grouse 

Prairie chicken 

Mourning dove 

Wild turkey 

Ring-necked pheasant 
Hungarian partridge 
Waterfowl 

Shorebirds 

Elk 
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\^arious species of pond fishes may be established in farm ponds and 
reservoirs built for water conservation, and trout and many other game 
fish benefit through the prevention of stream sedimentation. 

It has been indicated in the foregoing that wildlife management is an 
indirect science which seeks increased production of animals through 
habitat improvement. In attempting to measure the success of manage- 
ment operations, two methods of evaluation may be considered: (1) the 



Fig. 251. — A flock of ducks on a reservoir built and fenced by tbe Soil Conservation 
Service in Texas. Hundreds of small reservoirs and stock water ponds have been constructed 
by the Service, particularly in the low-rainfall areas of the Great Plains and Colorado 
Basin area; and on many of them wildlife is developing. {Photograph by Soil Conservation 
Service.) 

counting of wildlife populations before and after operations and (^) 
the summing up of the different kinds of work that have gone into the 
improvement of habitats. 

The evaluation of accomplishments in terms of absolute increases in 
wildlife populations involves so many variables that it is practically 
impossible without employing painstaking research methods and appro- 
priate controls. 

Highly cyclic species like the ruffed grouse and snowshoe rabbit 
periodically exhibit wide fluctuations in numbers that still defy explana- 
tion. Catastrophes, such as recent droughts in the Great Plains and the 
extremely severe winter of 1935-1936 in the Central and Lake States, may 
reduce pheasants and quail almost to the vanishing point before habitat 
improvements have a chance to become effective. Where woody cover is 
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the limiting deficiency, several years may be required for plantations to 
grow large enough to supply the want. 

Moreover, wild birds and mammals are such elusive creatures that, 
except for a few unusually sedentary or conspicuous species, it is ex- 
tremely difficult to obtain accurate counts of their numbers. Most 
censuses, therefore, are avowedly estimates and are confined to a few key 
species like quail, pheasants, and rabbits. 

Nevertheless, it is possible to obtain general information on relative 
increases in wildlife populations, and many data are available to show 
that quail, for example, have quickly responded to improved conditions 
by taking up headquarters on treated areas where there had been no 
quail prior to soil conservation operations. 

At Faribault, Minn., Hungarian partridge have increased under the 
soil conservation farming programs of the Soil Conservation Service from 

6 birds in the winter of 1935-1936 to 50 in 1936-1937. The 1938 popula- 
tion is estimated at approximately 200 birds. 

The most striking examples of wildlife response to erosion-control 
operations, however, are supplied by pond developments on the Great 
Plains, for here habitats have been created where none previously existed. 
Just a year after a reservoir was constructed near Huron, S. D., a biologist 
counted on the water, or about the fenced area surrounding it, 50 ducks, 

7 black-crowned night herons, 12 killdeer, 2 upland plovers, about 250 
red- winged blackbirds, about 100 swallows, 12 short-eared owls, 4 skunks, 
and a number of songbirds. In the Panhandle of Texas, ducks have nested 
on stock tanks the first spring after they were built (Fig. 251); and any- 
where in the Great Plains, migrating waterfowl eagerly use reservoirs for 
resting without waiting for improvements. Ponds formed back of dams 
constructed to control gullies in the South Palouse River, Washington, 
project of the Soil Conservation Service, became breeding places for wild 
duck within a few months after installation. 





Chapter XXIX. Soil Conservation 
and Flood Control 


Conservation farming practices designed primarily to control soil 
erosion often help to prevent floods. 

Floods are caused by runoff of rainfall and snow water at rates so 
rapid as to overtax the carrying capacity of the streams into which the 
surface Tvaters are discharged. Soil conservation measures that retard 
surface runoff and increase infiltration of rainfall into the soil tend to 
reduce the velocity and volume of water reaching drainage channels. 
Thus, when all, or a large part, of the land within a watershed is ade- 
quately protected from soil erosion, the flood hazard should be reduced. 

For generations, much thought and discussion have been devoted to 
the relation of land use to floods. The literature on the subject covers a 
period of more than a century. Several thousand separate publications, 
in all modern languages, deal with the subject. The majority of these 
discussions are based on empirical investigations, general observations, 
and historical comparisons without accurate basic information. Com- 
paratively few scientific studies have been made, because of the inherent 
diflB.culty of isolating variables from the complexity of interacting factors 
in watersheds.^ 

George Marsh in his book '‘The Earth as Modified by Human Action 
(1874) summarizes his studies and observations as follows: 

“The felling of the woods has been attended with momentous consequences to 
he drainage of the soil, to the external configuration of its surface and probably 
Bso to local climate, and the importance of human life as a transforming power is 
perhaps more clearly demonstrable in the influence man has thus exerted upon 
superficial geography than in any other result of his material effort.” 

Marsh drew upon a bibliography of works, as well as his own 
observations over many years. He ascribes the decay of the Roman 
Empire, for example, to the imprudent removal of forests and consequent 

^ Lowdermilk, W, C. Summary Eeview of Literature up to 1930 on Forest and Agricul- 
tural Influences in Streamflow and Erosion Control (mimeographed). Soil Conservation 
Service. 
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waste of the soil. The classic studies of SurrelP on the torrents of the 
High Alps and of Becqueral^ on the comparative influence of forested 
and nonforested lands on climatic factors supplied Marsh with supporting 
data for his deductions. 

Gustave Wex,^ a hydraulic engineer and director of Works of the 
Improvement of the Danube, in 1873 attributed the recorded diminution 
of water in wells and streams to the clearing of forests in the basin of the 
Danube. Belgrand^ and Valles, in their studies on the floods of the river 
Seine, arrived at conclusions in substantial disagreement with those of 
Wex. Although Valles’ work discounted the influence of vegetation on 
flood stages on the lower Seine, the studies of Deinontzey^ indicated a 
decisive influence on the part of vegetation in the control of torrential 
floods. He emphasized that it was the fixation of the soil that determined 
the control of torrents and pointed out that under some conditions grass 
might be as influential in this respect as forest. This perhaps was the first 
study showing the relation of erosion control to flood control. 

In 1898, Imbeaux,® a French scientist, citing the experience of the 
United States with deforestation, said: “By an inconsiderate exploitation 
of great areas of primeval forests, the United States has seen their 
streams, which were formerly quiet and regular, transformed into 
violent torrents, almost dry all the year, but having sudden and formid- 
able stages during rains.” 

In spite of these controversies during the past century, European 
nations have accepted as a matter of governmental policy good land 
management, including forestation where needed and the building of 
upstream structures, as an essential part of their water-control programs. 

In the United States, however, national as well as local flood-control 
operations have been confined largely to the construction of levees, flood- 
walls, floodways, equalizing reservoirs and similar devices, in the larger 
streams. In other words, the principal effort to control floods has been 
made downstream, where the water concentrated in trunk channels is 
most difficult to control. Engineering structures of the type referred to 
are necessary to provide emergency protection from the extraordinary 

^ Surrell, A. “Etude sur les torrents des hautes-alpes.” Paris. 1841. 

2 Becqueral, A. C. Forests and Their Climatic Influence, Smithsonian Inst. Anri. Kept., 
1869, Washington. 

^ Wex, Gustave. Diminution of the Water of Fivers and Streams, Smithsonian Inst. 
Ann. Kept, 1875, Washington. 

4 Belgrand, E. De rtnfluence des forets sur recoulement des eaux pluviales, Ann. soc. 
meteorologique de France, Vol. 1, pp. 176-193, 1853; VoL 2, pp. 81-87, 1854, Paris. 

®Demontzey, Louis-Gabriel Prosper. “Etude sur les travaux de reboisement et de 
gazonnement des montagnes.’* Paris. 1878. 

® Imbeaux, Edouard. Essai programme d’hydrologic, Zeitsch. Gewasserkunde, Vol, 1, 
No. 1, Dresden, 1898. 
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floods that occur from time to time. The application, upstream, of farm, 
range, and forest measures that retard runoff and increase absorption of 
rainfall can be made to supplement the protective effect of major engi- 
neering operations downstream. 

Flood-control programs limited to downstream installations do not 
provide the benefits possible in a more comprehensive attack on the 
problem, such as undertakes to conserve rainfall in fields, pastures, and 
woodlands over the entire watershed. The purely engineering, down- 
stream plan overlooks the possibilities of conserving potential flood 
waters for useful purposes, on the land; it fails to consider conservation of 
the land itself and the necessity of preventing damage to downstream 
flood-control works by the deposition of erosional debris. 

Historical Aspects 

Garciliaso de la Vega, a member of De Soto’s expedition, recorded in 
his writings a flood on the lower Mississippi in 1543. From that time until 
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Gbaph 59. — Maximum annual stages, Mississippi River, Natchez, Mississippi, 1861-1937. 
Curves show average trend and variability of stages. 


1799, flood records of the Mississippi are fragmentary. Subsequent to 
1799, the records are suflSciently continuous to indicate the occurrence or 
nonoccurrence of floods but little more. It was not until after the organi- 
zation of the Mississippi River Commission in 1879 that systematic river 
stage and discharge records became available for a series of representative 
points along the river. Unfortunately, by the time these measurements 
began, agricultural occupation of the land had extended to large areas 
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within the major flood-producing tributaries of the Mississippi. Accord- 
ingly, quantitative data necessary for comparing flood flows of the pre- 
agricultural stage with those following large-scale farming operations 
are not available for the Mississippi and its tributaries. 

Stage and discharge records of many streams indicate that the mag- 
nitude of floods is increasing. Taking, as an example, the record of floods 
at Natchez, Miss, (where levee construction has had a minimum effect on 
flood stages), it is observed (see Graph 59, showing maximum annual 
stages since 1861^) that the average of maximum yearly stages increased 
during the latter half of this period. Also, the variation between the 
maximum stages has widened from year to year. In other words, the 



Fig. 252 major flood on the Canadian River, Texas, 1935, {Photograph hy Soil Con- 

servation Sendee*) 


maximum stages have been extending gradually in the direction of both 
lower and higher levels. This indicates increased irregularity of stream- 
flow. The high stages, of course, are the ones that cause most concern 
from the standpoint of flood damage. 

In considering the flood problem, it is important to distinguish be- 
tween great floods (Fig. ^59) and local floods (Fig. 95$). The former result 
from storms of wide areal extent, long duration, and generally low to 
moderate intensity rates. Such storms sometimes cover as much as 
400,000 square miles and may encompass all or large parts of major 
drainage basins. The presence of snow on a watershed may intensify the 
hazards, for these storms often result in tremendous concentrations of 
water, with spectacular trunk-stream floods which cause great damage 
and frequent loss of life. 

^ Data from reports of the IT, S. Army Corps of Engineers. 
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The local type of flood is caused by storms having relatively short 
duration yet centers of rainfall intensity that frequently reach a rate of 
5 inches per hour. This type of storm seldom covers an area of more 
than 1,000 square miles.^ It does not produce floods on major water- 
ways but frequently causes serious damage locally. As a matter of fact, 
the sum total of flood damage resulting from such high-intensity local 
storms is probably as great over a period of years as the damage caused 
by maj*or floods on the larger waterways. So far, however, the mitigation 



Eia, 253. — Local flood, Stillwater Creek, Oklalioma, 1935, {Photograph hy Soil Consermtion 

Service.) 


of this widespread local damage has not entered into public flood-control 
programs to any great extent. 

Floods of this local type have become more frequent and violent since 
the country was settled. Residents of many communities subject to 
frequent local floods verify the fact. The geological and pedological char- 
acteristics of stream deposits provide further verification of this fact. 

Overlying the old alluvial soils of numerous streams throughout the 
United States— the material laid down by timeless floods — is a different 
kind of alluvium. It consists of sediments spread out by flood waters 
since the beginning of our agriculture. Such deposits reveal unmistakable 

^ Thornthwaite, C. W. The Research Program of the Section of Climatic Research, Soil 
Cons.j April, 1937. 


SOIL CONSERVATION AND FLOOD CONTROL ()01 


proof that, generally, they were spread over the flood plains by waters 
much more violent than those which laid down the older material beneath. 

That the deposits of the preagricultural state were developed under 
moderate overflows is shown by their prevailing finer texture and more 
uniform composition. The line of separation between the two types of 
alluvium is so sharp that it is usually possible to photograph it without 
any difficulty. In many instances, the depth of the new material is 
greater than the entire depth of the older underlying deposit; and 
generally, it is not only coarser in texture but far more diverse with 
respect to textural composition and color characteristics through the 
profile. The new deposits have accumulated in many places within 25 to 
75 years, whereas the old deposits required long periods — in some in- 
stances probably thousands of years — for deposition. 

Soil scientists today are mapping a number of new alluvial soils 
entirely different in character from those of pioneer days, now entirely 
buried. We have the history of these soils. We know definitely that they 
have formed since the agricultural occupation of the country, and there 
is ample proof that these later deposits were laid down by more violently 
flowing waters than those of former times. ^ 

Factors Effecting Runoff 

It is commonly asserted that during periods of prolonged rainfall, 
the soil becomes saturated and is unable to absorb more water, so that 
subsequent rainfall runs off directly into streams. The extent to which 
this occurs, however, depends on the depth and character of the soil, the 
character and condition of the plant cover, and the nature of the sub- 
strata, Prolonged rains normally charge the upper soil layers with a 
relatively high content of water, but this does not necessarily mean, as 
previously pointed out, that the soil is incapable of taking up additional 
water. As a matter of fact, soils of coarse texture or granular structure, 
especially those with porous subsoils, continue to absorb rainfall for 
undetermined periods (see Chap. VIII, Infiltration). 

Saturation implies that water has filled all available pore space of the 
soil. But even when a soil is so wet at the surface as to be miry, some water 
continues to flow into the substrata by way of the natural pores and 
through the holes made by roots and insects. Such infiltrating water 
usually finds its way to ground-water level and rarely reappears in time 
to add volume to floods resulting from that particular rain. 

^ Bennett, H. H. Management and Use of Agricultural Lands including Farm Woods 
and Pastures; and Headwaters Control and Use, Updream Eng. Conference Proc., Washing- 
ton, 1936. 
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More than any other single factor, vegetation facilitates the intake of 
surface water. Lowdermilk^ has shown that the most important function 
of forest litter in relation to absorption of rainfall is the protection that it 
affords against the clogging of the natural water channels leading into 
the soil. 

In the absence of a cover of growing vegetation or a ground cover of 
vegetal litter, rain striking bare ground picks up fine particles of soil to 
produce a muddy suspension. As this muddied water sinks into the 
ground, the fine particles filter out at or near the surface to form a film 
that tends to clog the smaller surface openings, or soil pores. This reduces 
runoff, even when the absorptive capacity of the subsurface material has 
scarcely been affected. This explains why observers sometimes find that 
during rainstorms most of the water is running off nonvegetated land, 
whereas the soil S or 3 inches below the surface is dry. 

As a rule, the clogging of the surface openings of bare land takes place 
most rapidly on desiccated soil. Many soils on drying, especially where 
cultivated, assume a powdery condition which facilitates rapid develop- 
ment of a muddy suspension during rains. 

The work of S. W. Phillips and I. T. Goddard at the Guthrie, Okla., 
soil and water conservation experiment station^ gives some conception of 
the true significance of ground cover. In the spring of 1930, the runoff and 
erosion were measured from two adjacent areas occupied by hardwoods, 
on one of which the forest litter was burned and on the other left intact. 
During May, the runoff from the unburned plot was at the rate of 250 
gallons per acre, whereas the runoff from the burned area of exactly the 
same size, soil, and slope was at the rate of 27,600 gallons per acre. The 
excess of runoff from the burned area over that from the unburned was 
approximately 90 tons per acre. The cover of leaf litter and forest mold 
was found to have a water-holding capacity of 16.7 tons per acre. Thus, 
the difference between 16.7 and 90, or 73.3 tons of water per acre repre- 
sents the additional amount of rainfall that was absorbed by the soil with 
the ground cover of litter intact. In other words, the important effect of 
the ground cov^r, obviously, is to protect and maintain the infiltration 
rate of the soil, and the blotter effect of the cover is of less importance. 

An example of the absorptive power of soil after it has reached a 
state of apparent saturation is provided in the runoff records of a blue- 
grass plot at the Zanesville, Ohio, soil erosion experiment station. Here, 
the total precipitation was 10.29 inches during the rainy period of 
Jan. 2 to 31, 1937, that produced the record flood on the Ohio River. Of 

^ Lowdermilk, W. C. The Scientific Aspects of Tlood Control, Supplement to Science^ 
Vol. 84, October, 1936. 

2 Bennett, H. H. Relation of Erosion to Vegetative Changes, Sd, Monthly^ Vol. 35, 
November, 1932. 
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this total, only ^5 per cent ran ofE the grassed area; blit from the same 
kind of land in a near-by cornfield, with most of its area bare and subject 
to unrestrained erosion, 94.7 per cent of the precipitation was lost as 
immediate runoff (Graph 60). Stated differently, the grass-covered land 
absorbed 7.72- inches of the total 10.29 inches of rainfall, but the bare 
corn field absorbed only 0.54 inch.^ 



Graph 60. — Runoff measurements from average type of farm land, under various condi- 
tions of cover and erosion. Near Zanesville, Ohio. {Soil Conservaiion Service.) 

Many thousands of similar measurements of runoff produced by indi- 
vidual rains falling on areas carefully selected as representative of many 
important types of agricultural land throughout the country show that 
the soil is capable of absorbing large amounts of rainfall when properly 
safeguarded from accelerated runoff. The same data also show that a 

^ Although these measurements cannot, of course, he construed as representing abso- 
lutely comparable rates of rainfall retention, as between bare fields and grassed or timbered 
areas, for the region that produced the 1937 Ohio River flood, they probably approximate 
closely the relative rates of rainfall retention over a large part of the affected 
area. The areas on which the measurements were made were selected, after a careful survey 
of the general region by engineers, soil specialists, and agronomists, as representing the 
closest approach to average upland conditions on the predominant agricultural soil of 
the region. The size of the areas from which the runoff was measured, as well as their loca- 
tion with respect to the Ohio River, enters into the equation; but it is significant that the 
areal proportion of that part of the Ohio watershed affected by the storm that is steeper (and 
subject to more rapid runoff) than the areas on which the measurements were made is 
fully as large as the proportion having milder gradients (and lower runoff rates). 
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good vegetative cover invariably increases absorption. Good cropping 
practices, contouring, terracing, water diversion, and other practical 
farm measures also insure increased infiltration. 

These effects have been evident under all conditions of precipitation, 
temperature, slope, and soil type involved with the measurements, 
which have been carried on for a period of years under the best known 
techniques of research. 

The tremendous water-storage capacity of the surface and subsurface 
layers of the land is not generally recognized. If this could be fully 
utilized, the reservoir capacity of the soil would be exceeded only by 
that of the oceans. To illustrate: It would take more than 20 inches of 
water to fill the pore space normally existing in the upper 3 feet of 
Marshall silt loam, an extensive (covering millions of acres) and impor- 
tant type of farm soil occurring in the valley of the Missouri River. 

The storage capacity of most upland, including the underground soil 
layers, is in excess of the quantity of water falling in the heaviest rain 
recorded. Only under such situations as flat land with ground water near 
the surface or shallow soil underlain by impervious rock or clay would this 
generalization be incorrect. As a supplemental flood-control measure, it 
is of the utmost importance, therefore, that this great land reservoir for 
water be utilized by employing, wherever applicable, every practical 
and economical land-management and water-conservation method that 
will contribute to the retardation of runoff. 

In addition to increased rates of runoff resulting from the stripping of 
vegetation from agricultural lands, further increases are caused by altera- 
tion of surface conditions by erosion: runoff accelerated by (1) washing 
off the absorptive topsoil down to relatively impervious subsoil, (2) 
development of millions of gullies that quickly concentrate and dis- 
charge rainfall, and (3) increase in the gradient of the land resulting from 
the gullying process. 

Surveys indicate that not less than 200 million gullies have been 
formed in the United States since its agricultural occupation (Fig. 254). 
Each of these has its individual watershed; and in most instances, the 
gradient of each little watershed has been increased by the steep banks 
of the gullies and the deep sheet washing that so frequently takes place 
near them. The number of artificial gutters between crop rows that run 
downslope (Pig. 255) instead of across slopes on the contour (Pig. 256) 
reaches into the hundreds of millions. Drainage ditches and highways, 
paved streets and gutters, cattle trails and fire scars, all hasten rainfall 
to the nearest drainage. Then man-made and man-induced changes in the 
surface of the land contribute to the hurrying of runoff into streams, to 
overload them and to accentuate the flood hazard. Figure 257, showing 
the approximate boundaries of new little watersheds developed within 
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Erosion on i53 acres of a Piedmont form in east-centrqj Alabama. 
OngmaMy only seven natural waterwoys, now more than o thousand 
gullies offer obout 100 yeors of culttvation.50.5 Inches of soil and 
subsoil (1,160,000 tons) removed by erosion since clearing. 



Fig. 5^54. — Advanced gullying on a Southern Piedmont farm. Near Dadeville, Ala. {Soil 

Conservation Service,) 









Fig. 255. — Countless furrows running downhill instead of across slopes, on the contour, 
hasten flood water into the nearest stream. {Photograph by Soil Conservation Service,) 



Fig. 256. Rainfall stored in the reservoir of the soil hy contour cultivation. Oklahoma. 
{Photograph by Soil Conservation Service,) 
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the original watershed by gullying, is illustrative of surface alterations 
that contribute to this acceleration of floods. 

Relation of Soil Freezing to Runoff. Emphasis has been placed 
on the belief that frozen soil sheds all the rainfall. Under this conception, 
it has been assumed, apparently, that soils freeze sufficiently deep to 
prevent infiltration, regardless of cover, wherever the air temperature 



^ Original watershed. 

New subordinate watersheds. 

Original waterway. 

Fig. £57. — ^This California slope suffered no visible erosion under the original cover of 
bush growth, and the small amount of runoff concentrated in the broad, shallow depressions 
indicated as the original waterway. Following cultivation, the enormously accelerated 
erosion cut out four major tributary gullies and also converted the original depressional 
drainageway into a guUy. Each of the tributary gullies now has its own w’atershed as 
approximately shown by the areas A, B, C, and 2). Not only has the volume of runoff 
greatly increased as the result of this accelerated erosion, but the rate of runoff has also 
greatly increased. (Photograph hy Soil Conservation Service.) 

remains below the freezing point for a considerable period. Although the 
subject has not been studied adequately, available information indicates 
that soil under a deep cover of snow or a dense growth of vegetation is 
not nearly so likely to freeze as exposed land. Absorption is considerably 
reduced, undoubtedly, when the soil is frozen, especially if it is wet at 
the time of freezing. Nevertheless, the extent to which soil actually is 
frozen must be determined carefully before sound conclusions can be 
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reached as to the effect of frozen soil on acceleration of surface runoff 
in any particular case. Some soils, probably most of them, continue to 
take in surface water even when frozen. If the water content of the soil 
is low at time of freezing, the absorptive capacity of the soil may not be 
modified greatly by the frozen condition. 

Snow cover alone has been found to reduce materially the depth to 
which a soil may freeze; and the depth and distribution of snow, in turn, 
are influenced by the character of the plant cover. 

Bouyoucos^ found that the soil temperature 3 inches below the sur- 
face did not fall much below freezing under a good cover of snow alone 
and that soil (not previously frozen) did not freeze at all under a cove^' of 
snow and vegetation, whereas subfreezing temperatures were almost 
continuous in comparable bare soil. After four years of observation, he 
concluded that in exceptionally cold weather soil protected by a cover of 
vegetation and a layer of snow would have at a depth of 3 inches below 
the soil surface a temperature higher than bare soil by 25"^^. — in the 
Michigan locality studied. He found also that the soil temperature 
fluctuated less where the ground is covered with snow than where the 
soil IS bare. 

The interrelation of vegetal cover, soil freezing, and runoff is illus- 
trated by results obtained at the soil and water conservation experiment 
station near Ithaca, N. Y., during the storm period of Mar. 1 through 
Mar. 19, 1936.^ This was the storm that gave rise to the serious flood of 
that year on the Susquehanna River. An area of frozen potato ground, 
with a slope of 14 per cent, lost 88 per cent of the total precipitation as 
immediate runoff. A near-by forested area (27 per cent slope) where the 
soil was not frozen lost only 0.5 per cent of the total precipitation. An 
unfrozen, heavily grassed area, occupying a 20 per cent slope close by, 
lost as runoff only 0.2 per cent of the precipitation, whereas another 
near-by slope with insufficient grass to prevent freezing lost 88 per cent 
of the precipitation as runoff. It is significant that both of the frozen 
plots were still able to absorb almost an inch of water. 

Flood Costs 

Floods exact a tremendous toll in human life, suffering, disruption of 
business, and destruction of property. It is extremely difficult to ascertain 
all the consequences of flood disasters and impossible to put an accurate 
monetary value on the losses. Property damages caused by floodwaters 
can be appraised; but loss of life, human suffering, and the effect of floods 


^ Bouyoucos, G. J. Soil Temperatures, Michigan Agr. Exper. Sta. Bull. 26, p. 132, 1916. 
* Bennett, H. H. Conservation Farming Practices and Flood Control, U. S. Dept. Agr. 
Misc, Pub. 253, 1936. 
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Table 41. — ^Losses^ by Major Floods between- May, 1903 and March, 1938= 


Time 

Location 

Number of 
lives 

Property damage 

May-June, 1903 

Kansas, Lower Missouri, and I’pper 
Mississippi 

100 

$ 40,000,000 

July, ’08 

Missouri 


9,889,000 


Upper Mississippi 


5.600,000 


Red 


16,200,000 

July, ’09 

Missouri, east of Kansas City 


5,500,000 

March, ’12 

Lower Mississippi 


70,000,000 

March, 'IS 

Mississippi and tributaries 

407 

162,227,293 

December, *13 

Texas rivens 

177 

9,000,000 

June, *15 

Kansas 


5,950,000 

August, ’16 

Rivers of the Carolinaa 


21,700,000 

June, ’21 

Arkansas in Colorado 

120 

25,000,000 

September, ’21 

Texas rivers 


19,000,000 

April to May, ’22 

Upper Mississippi 


4,700,000 


Ohio 


4,000.000 


Lower Mississippi 


7,500.000 

October, ’23 

Lower Arkansas, including Oklahoma 


15,000,000 

March, ’24 

Potomac 


6,000,000 

May, ’24 

Potomac 


1,000,000 

Spring, ’27 

Mississippi Valley 

313 

284,117,631 

August, ’27 

*\rkansas and tributaries 


3,440,000 

November, ’27 

New England rivers 


45,577,700 

June, ’28 

Ohio 


7,535,500 

August, ’28 

South Atlantic rivers 


4,400,000 

September. ’28 

South Atlantic rivers 


4,000,000 

March to June, ’29 

East Gulf rivers 


8,000,000 


Ohio 


16,500,000 


Missouri 


2,000,000 


Upper Mississippi 


3,600,000 


Lower Mississippi 


10,000,000 


Arkansas- White 


2.700,000 


Rivers in Texas 


8,000,000 

July, *29 

Rivers in central Kansas 


4,000,000 

October, ’29 

Rivers in Southeastern States 


9,000,000 

January, ’30 

White- Wabash 


7,000,000 

May, ’30 

Red and tributaries 


3,000,000 

September to October, *32 

Lower Rio Grande 


2,500,000 

March, ’33 

Ohio 



2,000,000 

December, ’33 

Columbia and tributaries 


10,000,000 

May, ’35 

Rivers in eastern Colorado 


6,000,000 

May to June, ’35 

Republican and Kansas 

. . . . 

18,000,000 


Lower Missouri 


10,000.000 

July, ’35 

Upper Susquehanna and tributaries 

52 

26,000,000 

December, ’35 

Houston, Texas, area 


2,500,000 

March to April, *36 

Rivers in eastern United States 

107 

270,000,000* 

July, ’36 

Rivers in central Texas 


2,000,000 

September, ’36 

River.s in central and northern Texas 

.... 

5,000,000 

January to February, ’37 

Mississippi and tributaries 

90 

407,000,000* 

March, ’38 

Los Angeles area 

60 

83,000,000 


Total 

1,701 

$1,697,587,124 


^ Not including land damage, 

2 Data on all but the flood of March, 1938, from Monthly Weather Rev, The estimate for March, 1938, flood 
in Los Angeles area from news reports of damage. Loss of life given only where considerable, 

3 Incomplete. 

* Tentative estimate. 
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on the morale of the people affected cannot be evaluated in terms of 
dollars and cents. 

Flood losses, moreover, occur not only where the accumulated flood- 
waters flow but on the lands that shed the water that makes up flood 
flows. Much of the annual erosion that goes on throughout the country 
occurs during rainstorms of flood-producing magnitude. This loss of 
irreplaceable soil from the lands of a watershed is never listed among 
flood damages. As ordinarily defined, erosion of land shedding the water 
that goes to make up a flood is not a flood damage; but in truth, the loss 
of soil from uplands is as much the result of a flood as the damage to a 
city street or cellar by deposition of the same eroded material from an 
overwhelming flood. In many instance, the direct erosion losses on up- 
lands actually exceed those inflicted on property downstream. 

A tabulation of the flood losses caused by individual great floods along 
the major streams of the United States, for the 35-year period 1903-1938, 
is presented in Table 41. This list by no means includes the losses from 
all the floods that occurred over this period; it gives only the property 
damage caused by the more spectacular floods. These tabulated damages 
take no account of the enormous cost of erosion damage to contributing 
watersheds or the effects of the deposition of erosion debris over agricul- 
tural lands downstream or the silting of reservoirs, harbors and stream 
channels, drainage ditches, and highway and railway culverts. 

An illustration of the public tendency to overlook land damage in 
appraising the cost of floods is presented in the instance of the severe 
floods resulting from the heavy rainfall that preceded and accompanied 
the disastrous hurricane that swept across New Jersey and New England 
in September, 1938. Property damage by wind and floods was reported 
in such terms as buildings destroyed or damaged, bridges washed out, 
trees blown down, and damages to highways and communications has 
been variously estimated at a quarter to a half billion dollars. 

The additional cost to farm land by soil erosion was overlooked 
entirely. On the basis of its permanent effect, this erosion loss may equal 
the net loss from other types of damage.^ 

Flood Control in the United States 

First efforts toward flood control in the United States were made by 
local communities for the protection of local interests. Concern on the 
part of the Federal Government over the flood problem was first actively 
manifested in the enactment of the Swamp Acts of 1849 and 1850. These 
acts granted to the several states all unsold swamp and overflowed lands 
within their limits. The states were authorized to sell these lands and use 
the receipts for the prosecution of drainage, reclamation, and flood- 

^ Bennett, H. H. A Permanent Loss to New England, Geog. Rev., April, 1939. 



SOIL CONSERVATION AND FLOOD CONTROL Oil 


control projects. A large number of levees were constructed along the 
lower Mississippi as a result of these acts; but on the whole, they were 
largely ineffective for flood protection, probably owing to lack of coordina- 
tion of plans and work among the states and flood-control districts.^ 

In his report on the control of floods of the lower Mississippi and 
Ohio Rivers, Charles Ellet, Jr., said 85 years ago;- 

“Among the causes contributing to the increase of floods in the rivers of the 
United States in recent years, it is necessary to include an increased discharge of 
water due to the destruction of the timber and the cultivation of territory which 
was formerly untilled. It is reasonable to suppose that the removal of the forest 
growth, and the rank vegetation of the virgin soil will cause the slopes to shed 
the rain more rapidly into the valleys, and thus produce more sudden and more 
violent floods than were observed of old.’’ 

With reference to the consequences of cultivation and artificial 
drainage, Ellet stated: 

“The immediate consequence of all this, that the water, which, in the original 
condition of the country, remained upon the surface of the prairies until a portion 
was evaporated, and a portion absorbed by the earth, to be subsequently given 
out slowly by the springs, is now hurried along hundreds of thousands of artificial 
drains into the great rivers which supply the Mississippi ... for every fifth 
part of an inch by which the total drainage is increased in the period of sixty days 
of usual high water, there must be experienced an average increase of about S feet 
of the height of the floods, (in the lower Mississippi). . . . This result may assist 
the mind in forming some estimate of the consequences which are to spring from 
the extension of society over the yet un-peopled West, and the cultivation of the 
vast territory which is drained by the Missouri and its tributaries.” 

In advocating a system of reservoirs in the headwater streams, Ellet 
stated: 

“It is proposed, in short, to construct new reservoirs to receive the increased 
drainage produced by the plow, and to compensate for those reservoirs which 
have been, and are about to be destroyed by the spade ...” 

In spite of the warnings of Ellet and others that levees should not 
be depended on as the sole means of flood control, operations by the 
Federal Government were limited largely to this type of control, until 
recently. 

The late Senator Francis G. Newlands contended that flood control 
was a national problem demanding treatment of the entire river as a 
unit, from the very springs to the month, and that floods could be 

1 The Improvement of the Lower Mississippi River for Flood Control and Navigation. 
U. S. Waterways Exper. Sta., Vol. 1., Vicksburg, Miss., 1932. 

^ The Mississippi and Ohio Rivers. Report by Charles Ellet, Jr. Philadelphia. 1853. 
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diverted from destructive to beneficial use.^ He stressed his conviction 
not only that the construction of levees and storage reservoirs was 
necessary in order to regulate and retard the flow of floodwaters but also 
that other effective measures were available, such as “scientific soil culti- 
vation ... to absorb instead of shedding moisture” and extension of 
areas devoted to forests to serve as natural reservoirs. In 1917, a bill 
incorporating the ideas of Senator Newlands and authorizing a Waterways 
Commission was passed.^ It was a compromise and authorized no 
executive functions. 

It did provide, however, for: 

“ Coordination and cooperation of the engineering, scientific, and constructive 
services ... of the several governmental departments . . . that relate to 
study, development, or control of waterways and water resources and subjects 
related thereto, or to the development and regulation of interstate and foreign 
commerce, with a view to uniting such services in investigating, with respect 
to all watersheds of the United States, questions relating to the development, 
improvement, regulation, and control of navigation as a part of interstate and 
foreign commerce, including therein the related questions of irrigation, drainage, 
forestry, arid and swamp land reclamation, clarification of streams, regulation 
of flow, control of floods, utilization of water power, prevention of soil erosion 
and waste, storage, and conservation of water. . . . 

The law authorized the preparation of reports and plans for sub- 
mission to Congress, but the intervention of the World War caused the 
Commission to be inoperative. In 1920, the Federal Power Commission 
was established, and the Waterways Commission was abolished. 

Storage reservoirs did not become a factor in national flood-control 
planning until the passage of the Flood Control Act of May 5, 1928. 
This legislation directed the War Department to prepare plans for flood 
control on all tributary streams of the Mississippi Hiver system subject 
to floods and to determine the effect of the establishment of a reservoir 
system in the drainage basins of the tributaries. 

The Act provided for determination of: 

“the benefits that would accrue to navigation and agriculture from the 
prevention of erosion and siltage entering the streams; a determination of the 
capacity of the soils of the district to receive and hold waters from such reservoirs 
. . . and as to their stabilizing effects on stream flow as a means of preventing 
erosion, siltage and improving navigation.’’® 

^ Darling, Arthur B. “Public papers of Francis G. Newlands.” New York, 1932. 

2 Public Law No. 37, 65th Cong., 1st Sess. 

® Public Law No. 391, 70th Cong., 1st Sess. 
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The Act provided further: 

‘‘That the President shall proceed to ascertain through the Secretary of 
Agriculture and such other agencies as he may deem proper, the extent to and 
manner in which the floods in the Mississippi Valley may be controlled by proper 
forestry practice.’* 

As a result of the 1928 Act, the War Department, in a series of 
reports, projected a flood-control system involving some 2,000 projects, 
emphasizing the value of floodwater storage by reservoirs. 

In 1933, a far-reaching land and water conservation program was 
launched. Conservation activities began to receive substantial public 
support, and the need for integrating conservation work into a com- 
prehensive national policy covering flood control became obvious. The 
great floods of 1936 on the Connecticut, Susquehanna, Allegheny, 
Monongahela, and many other lesser streams in the Northeastern States, 
brought the urgent need for a new national flood-control policy to a 
climax. On June 22, 1936, President Roosevelt signed the Omnibus Flood 
Control Act, a remarkable measure, which definitely specified that in 
planning for flood control consideration be given to those lands from 
which flood waters originate, as well as to the accumulated downstream 
flood waters. Section 1 of this Act reads as follows: 

“It is hereby recognized that destructive floods upon the rivers of the United 
States, upsetting orderly processes and causing loss of life and property, including 
the erosion of lands, and impairing and obstructing navigation, highways, rail- 
roads, and other channels of commerce between the States, constitute a menace to 
national welfare; that it is the sense of Congress that flood control on navigable 
waters or their tributaries is a proper activity of the Federal Government in 
cooperation with States, their political subdivisions, and localities thereof; that 
investigations and improvements on rivers and other water ways, including 
watersheds thereof, for flood-control purposes are in the interest of the general 
welfare; that the Federal Government should improve or participate in the 
improvement of navigable waters or their tributaries, including watersheds 
thereof, for flood-control purposes if the benefits to whomsoever they may accrue 
are in excess of the estimated costs, and if the lives and social security of people 
are otherwise adversely affected.** 

In Section 2 the following provision is made: 

“That, hereafter, Federal investigations and improvements of rivers and 
other waterways for flood control and allied purposes shall be under the jurisdic- 
tion of and shall be prosecuted by the War Department under the direction of 
the Secretary of War and supervision of the Chief of Engineers, and Federal 
investigations of watersheds and measures for run-off and waterflow retardation 
and soil erosion prevention on watersheds shall be under the jurisdiction of and 
shall be prosecuted by the Department of Agriculture under the direction of the 
Secretary of Agriculture. . . . ** 
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The original Act specifically names 222 watersheds where studies 
were to be carried out. In 1937, the Act was amended, adding 119 water- 
sheds to the previous list and authorizing the Secretary of Agriculture to 
make investigations of all watersheds that previously had been authorized 
for study by the War Department. 

The law' provides for two phases of watershed investigations: pre- 
liminary examinations, and surveys. The purpose of the preliminary 
examination is to determine for individual watersheds whether or not 
significant flood problems exist and, if so, whether or not there appears 
to be some likelihood of minimizing the flood hazards by treatment of the 
land with adaptable watershed management practices. The preliminary 
examination provides a basis for determining the need for and priorities 
of subsequent or final surveys. 

The final surveys of the Department of Agriculture cover in detail 
the contributing causes of floods, giving consideration to such pertinent 
factors as topography, geology, soil characteristics, frequency and char- 
acter of flood-producing storms, normal precipitation, flood and normal 
flows of streams, land occupancy and economy, and flood and erosion 
damages. After a careful appraisal of these factors, a detailed plan 
for watershed protection is developed. This involves a plan that pro- 
vides for the integration of the various action programs of the Depart- 
ment of Agriculture and the employment of additional upstream control 
measures that may be necessary to reduce or eliminate flood damages. 

In formulating recommendations to Congress for the application of 
watershed-protection measures, existing or proposed flood-control work 
by the War Department or other agencies is carefully considered, in 
order that the proposed land-management practices may effectively sup- 
plement the work of other agencies. 

In the development of a coordinated land-management program that 
will serve best the public interests of a watershed, the problem of appor- 
tioning costs immediately arises. In this connection, it must be recognized 
that any such program serves a great number of purposes and that the 
entire cost, with rare exceptions, cannot be charged against any one 
objective. Any well-planned watershed program will involve practices 
that conserve soil, conserve moisture, enhance recreational facilities, 
promote wildlife development, stimulate increased production of timber 
crops (where forest lands or farm woodlots are involved), decrease silting 
of reservoirs and shoaling of stream channels, and lessen flood flows and 
resultant damage.^ 

^ A few observations taken from an article on the effects of soil and water conservation 
work in the Green Creek Watershed, Erath County, Texas, by T. C. Richardson, ‘‘Farm 
and Ranch,” Oct. 15, 1938, are pertinent to the subjfect (see Education, Chap. XV, Part 2): 

“Passing by increased crop yields, greater carrying capacity of pastures, the checking 
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In some instances, sufficient benefit will accrue, by the reduction of 
downstream damage, to justify the entire cost of watershed protection 
ill the name of flood control. In other watersheds, flood damage may be 
insufficient to justify the expenditure of any flood-control funds for 
watershed protection. Even in such watersheds, however, there may 


or complete stoppage of soil losses, and all the other well-known and oft-proven benefits 
derived from effective conservation practices ... I went to the Green C reek project to 
check up on the results in flood control. In the last fourteen days of September 1936 nearly 

11 inches of rain fell, w’hich is more than three times the average for that month, and one- 
third of the average annual rainfall. Most of the conservation W'ork planned had been 
completed at that time, and all of it on the cooperating farms has since been completed. 

“T. J. Mitchell lives at the lower end of the district, about twelve miles from the head 
branches of the creek. . . . Here is Mr, Mitchell^s written statement: 

“ ‘I know that previous to 1936, before soil and water conservation w^ork was done on the 
upper watershed, rains such as we have had would have caused the creek to overflow and 
do serious damage to my fields. Since the work was done the creek has not overflowed a 
single time at my place. ... At times during the summer months of little rainfall, before 
1936, the creek had gone dry, but in 1936 and 1937 it flowed the year round.* This despite 
the fact that five out of twelve months had less than an inch of rainfall and only four 
months had more than 2 inches. . . . 

“Up the creek, seven miles from the head, W. F. Hallmark has farmed for forty years. 
Here is his testimony; ‘Before the installation of soil and water conservation farming on 
the Green Creek watershed above me, the creek often overflowed on my place and did 
considerable damage, but since the fall of 1935 overflow water has not damaged my farm 
in spite of heavy rains. The creek stays up longer, but never gets as high as it did before.* 

“Still upstream, three miles from the headwaters, Grover Hiker adds this observation: 
‘ Before the watershed area was set up and the conservation work done, the water ran only 
a few days after each large rain. Now the creek runs continuously, and a few hours after a 
rain, the water becomes clear.* 

“Now let*s go back down the creek to Zeb Tidwell, whose farm lies entirely outside 
the defined district where work has been done. Mr. Tidwell represents thousands of others 
. . . whose lands are so situated that they cannot protect themselves from waters that 
fall miles upstream, outside their own boundaries, may be outside their owm coxmties. 
Here is what he says: ‘I have lived on my place for the past forty years. I have seen Green 
Creek during high flood stage many times. Previous to the practice of terracing, pasture 
treatment, and other measures of erosion control on Green Creek watershed flood water 
was our most serious problem. Even though there have been excessively heavy rains during 
the past two years, flood waters have not so much as threatened our lands, where heretofore 
they had been badly damaged. The work done by our neighbors and the Soil Conservation 
Service on the watershed is worth thousands of dollars to us down here on the lower end.’ 

“The records show that Green Creek ran more days in 1936 than in 1935, with about 

12 inches less rainfall for the year, and that poorly distributed, several months being 
without enough rain to rxm, and others abnormally heavy. Two different months since the 
work was well under way have had about 11 inches of rainfall each. What became of it, if 
it didn’t go down the creek in floods.? A lot of it, slowed up by terraces, contours, strip 
crops and grassed pastures went into the grounds, nobody knows how much. , , , I shall 
contend that the soil itself is the greatest potential reservoir for water storage, and more 
water can be stored in the soil body for a dollar expended in labor or cash than on the 
surface of the land.*’ 
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be land-use and conservation problems that should be taken care of 
through governmental action. Each watershed presents a different prob- 
lem, and careful study is necessary to determine the extent to which 
public participation in watershed protection is justified.^ 

^ For further discussion of this problem, see Horton, Robert E., Surface Runoff Control, 
Headwaters Control and Use, Upstream Eng, Conference Proc., pp. 16-41, Washington, 
1936. 





Chapter XXX. Atlantic and Gulf 
Coastal Plain Region 


The low, comparatively smooth country fronting on the middle and 
south Atlantic and on the Gulf constitutes the Atlantic-Gulf Coastal 
Plain Problem Area (Map 7). Made up mainly of water-deposited 
material, it extends from the vicinity of Laredo, Tex., to the tip of Long 
Island, New York, and comprises approximately £84 million acres, or 
about 15 per cent of the land area of continental United States. It covers, 
approximately, the southern and eastern third of Texas, all of Louisiana, 
Mississippi, and Florida, the southern and eastern half of Arkansas, nar- 
row strips in southeastern Oklahoma and western Tennessee, the southern 
and western two-thirds of Alabama and Georgia, the eastern half of the 
Carolinas, the eastern third of Virginia, the eastern and southern two- 
thirds of Maryland, nearly all of Delaware, and the southern two-thirds 
of New Jersey. 

From the point where the Rio Grande flows out of the Edwards 
Plateau, in the southwestern extension of the region, the interior bound- 
ary of the area follows the southerly or easterly boundaries of the 
following problem areas: (1) Edwards Plateau-Ft. Worth Prairie-Cross 
Timbers area, (£) Ozark Highlands, (3) Southern Appalachian region, 
and (4) Northern Appalachian and New England area. The width from 
Galveston, Tex., northward to the interior border in southern Oklahoma 
is about 350 miles; from Cape Sable, Fla., to the border in central 
Georgia is about 565 miles. 

Characteristically, the region is plainlike in its prevalent topographic 
features, ranging from predominantly flat near the coast to rolling or low- 
hilly near the contact with the Ozark Highlands and the southwestern 
part of the Southern Appalachian region. In elevation above sea level, the 
interior boundary ranges from about £00 to 500 (occasionally 600) feet, 
with culminating altitudes in northwestern Alabama. Prevailing surface 
features are much smoother than those characterizing adjacent interior 
regions, yet many small and large isolatc^d areas are decidedly rolling, 
and some even hilly. Most of the low coastal sections — the Flatwoods 
east of the Mississippi and the Gulf Coastal Prairie west of that stream — 
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embracing an area of about 58 million acres, is so nearly level tbat numer-' 
ous areas are characterized by slow surface drainage.' Portions of the 
interior, such as the minor flatwoods area of central Mississippi and 
numerous strips of first- and second-bottom alluvium along the wide- 
spread drainage system (alluvial land comprises about 10 to 12 per cent 
of the area of the entire region), are also of very mild slope (averaging 



A6 -Rio Grande Plain Area 
A7 -Texas Black Belt 

AS -Mississippi- Alabama Black Belt and Clay Hill Area 

AB-Florido Rolling Sandy Londs 

AlO-Flotwoods 

A II -Lower Mississippi Alluvial Plain, Terrace, and 
Crowleys Ridge Area 

Map 7. — ^Problem area of tbe Atlantic and Gulf Coastal Plain Region. (Soil Conservation 

Service.) 

less than 1 per cent). The subdivision, designated the Lower Mississippi 
Alluvial Plain, Terrace, and Crowleys Ridge area and comprising about 
34 million acres, is very largely flatland, with slopes averaging probably 
not much more than one-half of 1 per cent, except in the instances of 
the included rolling area of Crowleys Ridge in northeastern Arkansas and 
southeastern Missouri and occasional strips of silty and sandy soils sloping 
back from natural levees along the banks of both active and abandoned 
stream channels. 
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The soils of the region are highly diversified. East of the loessial area 
bordering the Mississippi, the predominant types, outside the Mississippi- 
Alabama Black Belt and Clay Hill area, are sandy loams, with friable 
sandy clay subsoils. West'ward from the alluvial plain of the Mississippi, 
the more extensive soils are also of sandy loam character, as far as the 
Texas Black Belt; but here the proportion of land having heavy clay 
subsoil is considerably larger, especially in the w'esterly part. In many 
localities, particularly in the areas of red lands (such as the Orangeburg 
and Greenville soils) of South Carolina, Georgia, Alabama, and Missis- 
sippi, the deep substratum frequently consists of loose sandy geological 
material which, when incised by gullies, washes easily to develop, by 
caving and undercutting, deep straight-walled ravines which are diffi- 
cult to control. 

The rainfall is generally heavy, ranging from about 45 to 55 inches 
(in a few localities over 60 inches) east of the Texas-Arkansas line to 20 
inches near the mouth of the Rio Grande. West of Arkansas and Louisi- 
ana, average precipitation declines steadily, with an increasing tendency 
toward longer periods between rains. From south to north, the climate 
ranges from subtropical to cold temperate.^ 

General farming is the dominant type of agriculture. South of Vir- 
ginia, cotton and corn are the principal crops. Bright tobacco is exten- 
sively grown in southeastern Virginia and eastern North Carolina, in 
various parts of South Carolina and Georgia, and to some extent in 
northern Florida. Other types of tobacco, as cigar filler and wrappers, 
are produced in Maryland and western Florida. Oats are grown through 
most of the region, usually for hay. Sorghum is rather widely grown, usu- 
ally in small fields, for syrup, and in many localities in mixture with 
cowpeas for feed. Peanuts are produced for market in Virginia and North 
Carolina and to a lesser extent in other localities; the crop is important 
in Georgia and Alabama as field forage for hogs. Sweet potatoes, truck 
crops, peaches, berries, and pecans are important specialized crops, 
produced in many localities throughout the region. 

In the section north of the James River in Virginia, wheat, corn, 
clover, grass, potatoes, vegetables, berries, and fruit are the principal 
crops. Trucking is the principal farm industry on Long Island and over 
much of southern New Jersey and other parts of the northerly extension 
of the coastal plain. The eastern shore of Virginia and parts of New 
Jersey produce large quantities of potatoes. In Florida and in parts of 
the Rio Grande plain, citrus and other subtropical fruits, celery, and a 
large variety of winter vegetables are grown. Winter and early spring 


Atlas of American Agriculture” (Physical Basis), Section on Climate.” U. S. 
Department of Agriculture. , 
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vegetables and strawberries are also important in various localities near 
the Gulf and South Atlantic Coast. 

Generally, the important matter of adaptability has been given too 
little consideration in the use of the highly diverse types of land. Over a 
long period, many kinds of soil, with numerous areas occupying steep, 
erodible slopes, have been cleared or broken out of native grass and 
clean-tilled continuously with little or no eflPort to protect them from 
erosion. In parts of the older Southeast, however, notably in the Caro- 
linas, Georgia, Alabama, and Mississippi, many farmers have long 
attempted (more than 75 years in some localities) to protect their sloping 
lands from erosion with hillside ditching, terracing, and contour cul- 
tivation; and in frequent instances, these protective measures have 
given fair to excellent results. On the steeper, more erodible soils, how- 
ever, they frequently have proved inadequate. Failures have resulted 
from such mistakes as cultivation of land too steep for the growing of 
the clean-tilled crops whether protected or not, improper construction or 
inadequate maintenance of terraces, and failure to hold cultivation 
strictly to the contour. But many of the failures have resulted from such 
causes as continuous cropping without rotation, depletion of the organic 
supply of the soil, misuse of crop residues or stubble in preparing land 
for the next crop, and disregard of seasonal cover crops. 

From the purely physical aspect, about three-fourths of the coastal 
plain area is suitable for cultivation, most of it adaptable to the use of 
improved machinery. Originally, even more of the land belonged in this 
inadequately defined category. Gullying and severe sheet erosion have 
reduced the original area of easily cultivable land by about 15 per cent. 
Of the present area physically suitable to cultivation, it is estimated 
that upward of 20 per cent consists of inherently poor land and land now 
entirely unsuitable for cultivation because of swampiness (as tidal marsh 
and freshwater bog) or susceptibility to overflow (as along the seaward 
reaches of stream bottoms, like those of the Savannah, Altamaha, and 
Atchaf alaya) . 

Some 4 million acres were comprised in national forest reservations, as 
of June 30, 1938. These forests are the Croatan in North Carolina; Francis 
Marion in South Carolina; Apalachicola, Choctawhatchee, Ocala, and 
Osceola in Florida; Talladega and Conecuh in Alabama; Bienville, De 
Soto, Holly Springs, and Homochitto in Mississippi; Kisatchie in Louis- 
iana; and Angelina, Davy Crockett, Sam Houston, and Sabine in Texas. 
Additional tracts are included in other public land areas, such as state 
parks and state forests. 

More than half, probably 60 per cent, of the area of the Atlantic- 
Gulf Coastal Plain region now suitable for cultivation without extra- 
ordinarily heavy expenditures for drainage, protection from overflow, 
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and fertilization (around 170 million acres) is subject to erosion where 
used for clean-cultivated crops; and of this, fully 15 per cent is so sus- 
ceptible to washing under cultivation, regardless of protective measures, 
that it should be retired at once to the permanent protection of grass 
or trees. Commercial fertilizers are in general use for nearly all crops 
throughout that part of the region lying east of the Texas Black Belt. 

Thus, erosion is the most critical physical problem relating to land 
use over some 60 per cent of the Coastal Plain area suitable for cultiva- 
tion under existing conditions- This estimate does not cover the entire 
area that would be subject to erosion in some degree if all the tillable 
land should be put into cultivation. Soil crashing and some wind erosion 



Fig. 258. — Sand blow on bare field, Coastal Plain of New Jersey. Feb. 28, 1938. (Photograph 

by Soil Conservation Service.) 

take place on numerous cultivated areas even in the coastal flatwoods 
and along some of the gently sloping areas in the alluvial plains of the 
Mississippi and other streams, particularly on the more sloping soils 
of the natural levees near stream channels and abandoned channelways. 

Although damage by wind erosion has been of small importance in 
comparison with the effects of water erosion, the problem is of consider- 
able importance on loose sandy soils. Especially are diflBculties experienced 
in trucking and strawberry districts. Young cotton, corn, small grain, 
and other clean-tilled crops are sometimes severely abraded by ground 
drift of sand. Truck growers in the vicinity of Charleston, S. C.> some- 
times strip crop their vegetable fields with rye and, occasionally, with 
permanent hedges. In parts of Florida, fencing has been used about 
vegetable fields for protection from soil drifting. 
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An example of wind erosion was the severe soil-blowing experienced 
in the vicinity of Moorestown, N. J., in February, 1938. Between Chews 
Landing and Blackwood, N. J., measurements of drift from an 8-acre 
field (Fig. 258) indicated that the soil loss resulting from this blow 
averaged 60 tons an acre (Fig. 259). 

The results of soil conservation demonstrations on representative 
types of erodible land in various parts of the region have shown that 
it is both practical and economical to curb soil washing on slopes that 
are not excessively erodible (the critical areas that should be I'etired to the 



Pig. 259. — Effect of soil blowing in Coastal Plain of New Jersey. Sixty tons of sand 
were blown from an 8-acre field nearby. Peb. 28, 1938. {Photograph by Soil Conservation 
Service.) 


protection of permanent cover), through the application of control and 
corrective measures so coordinated on the land as to meet the needs 
and adaptabilities of the different parcels of land that make up farms 
and watersheds. Some of the practices employed and results obtained 
are summarized below under general discussions of the more important 
subdivisions of the region. Those subdivisions shown on the problem area 
map which at present have no erosion or flood problems of widespread 
seriousness are not discussed in detail either in this or in subsequent dis- 
cussions dealing with the other problem areas. 

Middle Coastal Plain 

Immediately above the South Atlantic and East Gulf Flatwoods is 
a broad area of predominantly undulating to gently rolling country of 


Pig. 260. — Above, sheet erosion and leveling of cotton ridges on unprotected field of 
porous sandy loam soil (Norfolk) of only 1 to 2 per cent slope by 4.2-inch rain, June, 1937. 
Five miles east of Wadesboro, N. C. Below* deposit of clean coarse sand, 1 to 15 inches deep, 
washed out of same field by same rain. {Photographs by Soil Conservation Service,) 

interior from about 50 to 150 feet along the border of the Platwoods to 
about £50 to 350 feet along the line of contact with the Upper Coastal 
Plain. Considerable land of the lower border zone is flat and of low 
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erodibility; and many small areas occupying depressions require artificial 
drainage to fit them for cultivation. 

For the most part, the soils are of sandy loam texture, with friable 
sandy clay subsoil. They are well drained and generally easy to till. 
Among the most important soil groups are the Norfolk, Orangeburg, 
Ruston, Red Bay, Tifton, Marlboro, Akron, and Greenville series. By 
reason of their open sandy character, these soils have high infiltration 
capacity, a characteristic that gives them considerable resistance, but 
not entire immunity (Fig. 260), to erosion. In various localities, par- 
ticularly in the southwestern part, soils with heavier subsoils are of 
frequent occurrence, such as those of the Susquehanna and Cuthbert 
groups. These are much less absorptive of rainfall and more erodible on 
comparable slopes. 


Fer Cent of 
Land in 

Type of Land Use Acres Farms 

Land in farms 23,911,753 100 

Cropland 9,723,371 40.7 

Clean-tiUed 7,336,303 30.7 

Erosion-resistant 1,579,746 6.6 

Semi-erosion-resistant 807,822 3.4 

Permanent pasture 4,494,395 18.8 

Woodland 6,636,862 27.7 

Livestock: 

Horses 151,329 

Mules 352,925 

Cattle 795,349 

Sheep 301,974 

Total 1,601,577 


Although erosion is general through most of the area, it is moderate 
to severe on improperly managed land amounting to about 45 to 55 per 
cent of aH cultivated areas. 

The northerly extension of the region, the Long Island-New Jersey- 
Delaware-Chesapeake Bay Region, is gently to moderately rolling and 
has much well-drained sandy loam and loam soil of good agricultural 
value (as the Sassafras and CoUington soils), along with considerable 
imperfectly drained land (as Elkton and Portsmouth soils) . The steeper 
areas are subject to severe erosion under continuous clean tillage. Unfor- 
tunately, many areas of gently sloping land, as well as some of deep sandy 
soil, are suffering from moderate to severe sheet washing under con- 
tinuous clean tillage, even in orchards. 

The agriculture of the area is largely general farming in the south 
and mixed general farming, trucking, and fruit growing in the north. 
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Truck crops are also grown in a considerable number of localities in the 
southern sector, and peaches and pecans are important locally. 

Clean-tillage farming predominates very largely over the production 
of grass, hay, small grains, and other erosion-resistant crops, except in 
localities such as Delaware and the eavStern shore of Maryland, where the 
growing of wheat and grass and the use of crop rotations have long been 
important. Recently, the acreage of soil-improving legumes, notably 
lespedeza, has increased considerably in the more southerly part of the 
region, Avhere cotton and corn have long been the principal field crops. 
Considerable lumber is produced, especially from second-growth pine, 
throughout much of the region south of New Jersey. 

Acreages of the more important groups of crops, derived from the 
Farm Census of 1930, are as shown in the table on page 624. 

MUCKALEE CREEK SOIL CONSERVATION PROJECT 

An example of the major land treatment and farm reorganization 
procedure involved in a representative soil and water conservation 
project— the Muckalee Creek project, near Americas, Ga. — is illustrative 
of the type of action necessary to control erosion in the southern part of 
this problem area. 

The Muckalee Creek project is located along the junction of the 
Middle and Upper Coastal Plain of Georgia. It comprises 62,000 acres 
in Sumter, Schley, and Marion Counties and covers the entire watershed 
of Little Muckalee Creek and that of upper Big Muckalee. 

Approximately 55 per cent of the land consists of sandy loam, 43 per 
cent sand, and 2 per cent clay loam, most of it well drained. For the most 
part, the area varies from xmdulating to moderately rolling. ^Although 
originally forested, all of the land at one time or other has been opened 
for farming. An erosion survey in 1936 disclosed the following conditions: 

Of the land in farms, about 74 per cent had suffered moderate erosion, 
21 per cent severe erosion, and 4 per cent had been ruined for cultivation. 
Many farmers were attempting to control erosion by terracing and con- 
tour tillage. Approximately half the cultivated area had been terraced. 
In many instances, the terraces had been improperly constructed or 
had unprotected outlets. 

Cooperating with the farmers, the Soil Conservation Service has 
established a complete erosion-control program involving: 

A. Detailed surveys of 205 farms, comprising 62,122 acres, and actual 
cooperative work on 149 farms, as of Mar, 31, 1938. 

B. Preparation of control plans for each cooperating farm, covering 
the following principal methods and procedures: 

1. Retirement of severely eroded cultivated land to permanent pro- 
tection of grass, kudzu, sericea lespedeza, or trees. 
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2. Strip cropping. 

3. Terracing of adaptable slopes. 

4. Contour cultivation. 

5. Stabilization of terrace outlets with grass or other suitable 
measures. 

6. Contour furrowing. 

7. Eotation of crops. 

8. Development of vegetated channelways and meadow strips for 
safe disposal of water from terraces. 

9. Use of seasonal cover crops. 

10. Gully control. 

11. Grazing control. 

12. Soil improvement by increasing area devoted to legumes and 
other soil-building, dense vegetation. 

13. Pasture improvement by contouring and reseeding. 

The successful use of these conservation practices within the project 
area has had a marked influence on the spread of such practices to farms 
outside the area. A survey of the surrounding area indicates, for example, 
an increase in the use of winter legumes amounting to 8 per cent, of 
terracing 12 per cent, and of small grain 6 per cent. 

Moreover, the Middle Western Ocmulgee River Soil Conservation 
District, comprising 1,195,114 acres in Wilcox, Dooley, Houston, Pulaski, 
Peach, Marion, and Crawford Counties, has been established as the 
result of the effectiveness of the Muckalee project 
, Following is a list of the major conservation accomplishments on 


the Muckalee Creek project, as of Mar. 31, 1938: 

Area Acres 

In cooperating farms 36,867 

In cultivation at beginning of work 19,297 

Retired from cultivation under the cooperative program. . . 4,629 

Approved rotations adopted on 4,507 

Contour tillage adopted on 5,177 

Adaptable terraces constructed on 4,629 

Strip cropped 195 

Pasture improvement work on 1,537 

Trees planted on 511 

Linear feet of water-diversion structures installed 2,756 

Number of gully-control structures installed 3,930 

Number of terrace outlets stabilized 4,013 


Upper Coastal Plain 

The Upper Coastal Plain, with an area of about 23 million acres, 
swings in a crescentlike belt around the Southern Appalachian region 
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from central North Carolina to the locality of contact between the 
Alabama-Mississippi and Tennessee state lines. Rising inland from a 
general elevation of about £00 feet above sea level along the interior 
boundary of the Middle Coastal Plain to elevations ranging from about 
350 to as high as about 600 feet in a few places in the northwestern 
extension, the area is of dominantly gently rolling, rolling, and hilly 
topography, good drainage, and sandy loam soils generally similar to 
those of the adjacent lower division. Agriculture is essentially the same 
as that of the southern part of the Middle Coastal Plain. In the north- 
western section, however, the proportion of land in cultivation is not so 
great because of the more rolling surface and the larger extent of erosion- 
depleted land. 

Contact with the Piedmont subdivision of the Southern Appalachian 
region is marked by a nearly continuous strip of deep sand (principally 
Norfolk sand), about 5 to 30 miles wide and extending from the vicinity 
of Sanford, N. C., nearly to Tuskegee, Ala. Originally, this Sandhills 
area was densely forested with mixed pine and hardwoods. Most of the 
original growth has been removed, but numerous tracts have reforested 
naturally with second-growth pine, together with considerable black- 
jack and other scrub oaks. Here, also, the proportion of land in cultiva- 
tion is less than in the lower adjacent country, mainly because of the 
deep sandy nature of the soil. 

Erosion is a problem over most of this upper sector of the Coastal 
Plain and a very difficult one on the steeper lands of the northwestern 
extension, as well as in belts bordering most of the streams. Isolated hilly 
areas, such as Pontotoc Ridge in Mississippi, have suffered seriously 
from washing. Fully three-fourths of the uplands is subject to impover- 
ishing erosion under continuous clean tillage. The low organic matter 
content of the soils has considerable to do with the generally high sus- 
ceptibility to sheet washing. Gullying is a serious problem locally, but 
sheet erosion is by far the more serious menace to soil stability. 

Soil conservation demonstrations have shown that it is entirely prac- 
ticable to control erosion adequately on most of the soils having slopes 
not greater than about 8 to 10 per cent — ^that is, where erosion already 
has not disposed of the topsoil. Surveys and experience indicate that 
approximately a fifth of the uplands should be retired from cultivation 
permanently, the percentage ranging from around 10 per cent in the 
eastern half to about 30 per cent in the western part. 

Mississippi-Alabama Black Belt and Clay Hill Area 

An area of about 12 million acres extending in a crescent-shaped belt 
from the vicinity of Columbus, Ga., nearly to the Tennessee line in north- 
eastern Mississippi is roughly designated the Mississippi-Alabama Black 
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Belt and Clay Hill area. This subdivision covers a wide diversity of soil 
and surface features, principally (1) the Alabama-Mississippi Black 
Belt of undulating to gently rolling topography and highly erodible 
heavy soils (Houston, Sumter, Oktibbeha groups); (2) clay hills of 
predominantly rolling to hilly topography and highly erodible soils with 
stiff clay subsoils (Susquehanna and Oktibbeha) ; (8) the interior flat- 
woods of Mississippi, with mainly grayish heavy soils overlying stiff 
clay (Susquehanna, Montrose, and Lufkin series); and (4) associated 
areas of rolling to hilly sandy soils (Huston, Akron, Orangeburg, 
and Cuthbert).^ 

Except in the comparatively small interior flatwoods area, erosion is 
decidedly the most serious problem relating to land use. Large areas have 
been abandoned as the result of deep sheet washing and gullying. In the 
instance of the Houston clay of the Black Belt, most of the original 8 to 
10 or 12 inches of dark-colored, rich topsoil has been removed by sheet 
erosion during years of continuous use for cotton and corn. As a result, 
the yellowish-brown clay subsoil has been exposed, and a new and less 
productive soil — Sumter clay— has appeared in place of the original 
Houston clay. In turn, over numerous areas, continuing erosion has 
washed off this exposed subsoil, to lay bare whitish, chalky limestone 
(Selma Chalk formation). Thus, an even poorer soil than the Sumter 
clay has made its appearance as the result of soil removal.^ In a single 
county — Lowndes County, Alabama — 56 thousand acres were mapped 
as Sumter clay in 1916,^ all of which probably was Houston clay originally. 

According to the soil survey of 1905, Montgomery County, Alabama,^ 
had 86,000 acres of Houston clay; a resurvey of the county in 1926^ 
showed only 10,000. This indicates rapid erosion over the intervening 
period of 21 years, as the result of which the dark topsoil was stripped 
from a large part of the Houston to expose brownish clay subsoil, such 
as is classed Sumter clay. The later survey shows some 60,000 acres of 
Sumter soil in Montgomery County. 

^ For details, see soil map in Bennett, H. H. “ Soils and Agriculture of the Southern 
States.’* Also soil survey reports covering the region. 

2 In 1935, and again in 1937, the author crossed different parts of the Black Belt of 
Alabama, investigating erosion conditions. He had studied the region while making soil 
surveys some 30 years previously, when the area for the most part was a fine farming coun- 
try, and inability to find an area of even approximately virgin soil was a revelation. In other 
words, within a third of a century, the surface of an entire geological formation had been 
violently altered by soil erosion — an alteration that very largely could have been prevented. 

3 Soil Survey, Lowndes County, Alabama. Field Operations, Bur. Soils, U. S. Dept. Agr,, 
1916. 

* Soil Survey, Montgomery County, Alabama. Field Operations, Bur. Soils, U. S. Dept. 
Agr., 1905. 

® Soil Survey, Montgomery County, Alabama, (Series 1926) No. 12, Bur. Chemistry 
and Soils, U. S. Dept. Agr., 1926. 
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Remnants of old furrows and farm buildings in the rolling to hilly 
section north of the Black Belt in Perry County, Alabama, show that 
all or the larger part of several hundred thousand acres of land, now 
largely covered with second-growth pine, w^as once cultivated. Much of 
it formerly consisted of Akron soil, principally a reddish sandy loam 
originally of excellent productivity. Cultivation of sloping areas, -without 
adequate protection from erosion, brought about the depletion and 
abandonment of this large area. 

Summarizing conditions in this problem area, it can be said that at 
least 80 per cent of the entire area (nearly all of it except part of the 
flatwoods and the bottoms and second bottoms of streams, such as the 
Alabama and Tombigbee rivers) is subject to rapid decline by erosion 
wherever cultivated without the application of a complete, properly 
coordinated and adapted erosion-control program. Although much land 
has been essentially ruined for further practical use for cultivated crops, 
a considerable aggregate area remains that can be protected and con- 
tinued in use for farming if properly protected. Conservation demon- 
stration work has shown this to be a fact. In the Black Belt, much of the 
eroded land is now used for hay and grazing. A good cover of grass will 
hold the soil and slowly improve it, 

» Loess Area 

The 18 million acres of predominantly undulating to rolling upland 
extending in a narrow to broad belt from southeastern Louisiana along 
the eastern edge of the Mississippi bottoms, across western Mississippi 
and Tennessee into southwestern Kentucky consists largely of brown silt 
loam of the Memphis, Lexington, and Grenada series. 

The material from which the predominant soils of this region have 
been derived is of wind-blown origin, having accumulated over the area 
in past geological time. This loess deposit is deepest in the bluff areas 
nearest the Mississippi River, some exposures showing depths of more 
than 50 feet. Toward the east, the wind-blown material thins out grad- 
ually, the area finally merging with soils derived from water-lain deposits 
along a rather indefinite line of separation. Topographically, much of 
the area fronting the Mississippi bottoms has been severely affected by 
erosion and is locally so rough that cultivation is impracticable. East- 
ward, the relief becomes milder. More than 50 per cent of the eastern 
half of the loess area has an undulating to gently rolling surface, the more 
rolling lands occurring as narrow to wide strips bordering drainage lines. 

The entire area is underlain by sedimentary deposits consisting 
mainly of interbedded layers of sandy material and clay. Erosion is 
active on most of the cultivated land, the exceptions being flat bottoms, 
second bottoms, and occasional rather small tracts of upland. Fully 75 
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per cent of the entire area is subject to erosion where cultivated without 
protection. In the deeper deposits of loess, the underlying unconsolidated 
silty strata (often containing more than 80 per cent silt) are so soft and 
unstable that where gullies cut into the material, they advance at a 
destructive rate and are very difficult to control. Many areas having a 
sublayer of tough sedimentary clay gully in a peculiar manner, par- 
ticularly where the loess is shallow or only moderately deep. Here, the 
ravines frequently expand laterally as fast as and sometimes faster than 
the cutting proceeds in the direction of the upslope heads. In northwestern 
Mississippi are found many large and small areas of this type of highly 
destructive erosion, which can be controlled only with trees and grass or 
expensive engineering works. 

It is estimated that about one-fifth of the cultivated upland has been 
stripped of the normal topsoil of 7 or 8 inches of brown silt loam, down 
to the reddish-yellow silty clay loam subsoil. 

General farming constitutes the principal type of agriculture. Re- 
cently, the importance of livestock appears to be increasing steadily, 
along with an increase in the area devoted to grass and lespedeza, both 
of which grow splendidly on these silty lands. In a number of localities 
the production of strawberries and truck crops is important. 

Soil conservation efforts in the area have definitely shown that 
erosion on cultivated land can be controlled in a very practical way, 
except on the steeper slopes, such as should be retired to permanent 
grass, lespedeza, kudzu, or trees. The results have been accompanied with 
marked reduction of flood flows in some of the streams where the entire 
watershed has been treated, as in the instance of the Bakers Creek project, 
at Port Gibson, Miss. 

Interior West-GuK Coastal Plain 

The Interior West-Gulf Coastal Plain comprises approximately 48 
million acres, with large areas in (1) southern Arkansas, {%) that part of 
Louisiana west of the Mississippi alluvial plain and north of the coastal 
prairie, and (3) that part of east Texas north of the coastal prairie, 
extending southwesterly to the Guadalupe River. A comparatively nar- 
row strip extends from the Arkansas line to the vicinity of Ardmore, in 
southeastern Oklahoma. 

For the most part, the elevation above sea level ranges from about 
100 feet along the boundary of the coastal prairie to around 400*feet 
along the boundary of the Texas Black Belt. An occasional hill or ridge 
has an elevation of 500 feet or a little more. In the main, the topography 
is moderately rolling to rolling. Toward the Gulf, the relief becomes 
milder, finally grading into prevailingly undulating country, with an 
occasional almost level area of flatwoods. Many of the streams in the 
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more northerly part are bordered by strips of rolling to broken land, most 
of which is unsuitable for cultivation because of susceptibility to rapi<I 
erosion. In so far as surface configuration is concerned, by far the greater 
part can be cultivated, where slopes have not been riddled with gullies. 
With respect to adaptability, however, about one-fourth to one-third of 
the land is not suitable for cultivation at present, because of the effects 
of erosion in the past, susceptibility to erosion, poor soil, and unfavorable 
drainage conditions. In detail, surveys indicate that the slope gradient 
of about 30 per cent of the area is less than S per cent; approximately 
60 per cent has slopes ranging from £ to 8 per cent, and 10 per cent has 
slopes exceeding 8 per cent. Most of the land steeper than 8 per cent 
cannot be used safely for cultivated crops because of erodibility and 
should be retired to the protection of a permanent cover of vegetation. 
Also, a considerable area having impervious clay subsoil (as the shallow 
types of the Susquehanna soils) erodes so rapidly under use for the clean- 
tilled crops that it should go into permanent grass or trees, even on slopes 
of less than 8 per cent gradient. 

The soils are prevailingly of sandy loam texture. Important areas, 
however, particularly along the southern and western border, are of 
heavier texture, ranging from very fine sandy loam to clay. The subsoils, 
with the exception of occasional hillocks or belts of sand (mostly Norfolk 
sand), are of clay texture, ranging from absorptive, friable sandy clay 
to stiff heavy clay of low infiltration capacity. The more sandy types 
usually are light in color, low in content of organic matter, and generally 
thoroughly leached of lime carbonate. Near the contact with the Texas 
Black Belt, considerable land is of darker color and higher content of 
organic matter and lime. The principal soil series are the Kirvin, Ruston, 
Cuthbert, Susquehanna, Nacogdoches, Bowie, Lufkin, Norfolk, and 
Caddo. Some borderline areas consist of dark limy clay of the Houston 
series and brown clay loam and heavy sandy loam of the Crockett series. 

Precipitation ranges from around 45 inches along the Arkansas- 
Louisiana line to 80 inches in the southwestern extension. 

About 35 per cent of the area Is in cultivation; 7 per cent Is idle; 13 
per cent is in pasture; and 45 per cent in timber. Of the timbered area, a 
considerable proportion, particularly in Arkansas, Louisiana, and 
northeast Texas, was cultivated at one time, the present stand of trees 
consisting of second-growth pine. A reconnaissance erosion survey indi- 
cates that about 45 per cent, or some 7 million acres, of the area now in 
cultivation has suffered seriously from erosion, and about 6 per cent, or 
a million acres, has suffered severely. Of the second-growth pine areas, 
much more of the land has suffered severely from erosion. The low figure 
for severely eroded land is partly accounted for by the comparatively 
large area in the southerly border zone that has never been plowed, 
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together with a rather large area of fiat land in this section. Over a con- 
siderable proportion of the more rolling part of this problem area, the 
percentage of severely eroded land, as well as that subject to moderate 
erosion and to slight erosion, is much higher. The most credible of the 
extensive farm soils is the Ivirvin sandy loam (or fine sandy loam). On 
this soil, which predominates in northeastern Texas and adjacent por- 
tions of Louisiana and Arkansas, it is generally unsafe to cultivate slopes 
steeper than about 8 per cent. According to measurements made on 
Kirviii fine sandy loam at the soil and water conservation experiment 
station near Tyler, Tex., the entire depth of topsoil would be washed 
from an 8.75 per cent slope under continuous production of cotton in 
about 46 years. Loss of rainfall as immediate runoff accompanying such 
soil wastage amounts to nearly a fourth of the entire precipitation. Dense 
cover and crop rotations, however, greatly reduce the rates of erosion and 
runoff (see Graph 1^, Chap. V, Part 1). The Nacogdoches fine sandy 
loam is very much more resistant to erosion than the Kirvin. The time 
required to remove the topsoil from Nacogdoches, having a slope of 10 
per cent, would be about 160 years, according to measurements made 
at the same station. 

Cotton is the most important crop, but considerable corn and some 
oats are grown. Livestock and dairying are becoming more important, 
accompanied by an increase in the area devoted to grass. 

Soil and water conservation demonstrations have been highly suc- 
cessful in various parts of the area, covering the principal types of land 
and farming. Results on the project at Lindale, in Smith County, Texas, 
have thus far proved about 85 to 90 per cent effective with respect to 
control of erosion. Here, the land is as erodible as any of the important 
farming types in the entire problem area. Figure ^61 shows the con- 
ditions of erosion and other physical characteristics, and previous land 
use, on a representative farm in the Lindale demonstration project, 
together with the principal measures employed in defending the land 
against further erosion. 

Texas Black Belt 

The wedge-shaped belt of black prairie land extending from near the 
Red River in northeast Texas southwesterly to the vicinity of San 
Antonio comprises approximately 8 million acres. Outlying areas to the 
east and north of the main belt amount to perhaps S million acres. The 
elevation ranges from about 500 to 700 feet, and the surface is pre- 
vailingly undulating to gently rolling. Some isolated areas are nearly level, 
and there is considerable flat bottom- and second-bottom land along the 
stream courses. As indicated by conservation surveys, about two-thirds 
of the area is characterized by slopes not exceeding £ or 3 per cent; more 
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than one-fourth (30 per cent) ranges from £ to 6 per cent in gradient; 
and about 5 per cent ranges up to 8 per cent or steeper. Sonnething over 
75 per cent of the area was under cultivation in 1935, mostly to cotton. 
Considerable corn, oats, and, in the northern part, wheat are grown. 
About 15 per cent of the Black Belt is in pasture, and the remainder 
consists of idle or abandoned land. Twenty-five per cent of the area has 
lost half of its topsoil (the range of loss being from one-fourth to all of the 
topsoil); 15 per cent either has lost all of the surface soil or has been 
ruined for further cultivation. Much of the remainder is suffering in 
milder degrees from sheet washing. About 5 per cent of the area is too 
steep for cultivation under any kind of treatment; and a considerable 
area, probably something over 5 per cent, has been so severely damaged 
that cultivation is practically out of the question. 

At the erosion experiment station near Temple, Tex., the principal 
soil of the area, Houston black clay, has been losing topsoil by sheet 
washing at the rate of nearly £4 tons an acre annually from slopes of 
4 per cent under continuous clean cultivation, along with a loss of 14 
per cent of the total precipitation. This means that 7 inches of topsoil, 
which closely approximates the average depth on 4 per cent slopes, 
would be completely stripped off under continuous clean tillage in approxi- 
mately 34 years. On slopes of £ per cent, it would take about 75 years to 
lose 7 inches of soil under comparable conditions of soil, rainfall, and 
clean tillage. Grass and crop rotations have been highly effective in 
controlling both soil and water losses (see Graph 19, Chap. V, Part 1). 

The prevalent soil of the region — ^Houston clay and black clay — is 
rich in lime and organic matter and, where not severely eroded, is highly 
productive. The rather extensive associated Crockett clay loam is also a 
productive soil, but it is not so rich in lime and is more rolling and more 
erodible. 

Demonstrations carried on by the Soil Conservation Service in various 
parts of the region have shown that the greater part of the Houston is 
amenable to a high degree of effectiveness with respect to the use of 
practical erosion-control measures. Fairly simple measures, such as strip 
cropping, terracing, and contour cultivation, have proved very effective. 
Strip cropping alone has given especially good results on gentler slopes. 

An illustration of the types of measures used, together with some of 
the accomplishments, is summarized below for a typical project — ^the 
one at Garland, Tex.: 

buck: creek soil conservation project 

The £4, 806-acre watershed, comprising the Duck Creek soil and 
water conservation project at Garland, Tex., is representative of a large 
portion of the northern section of the Texas Black Belt. 
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The predominant soils are Houston black clay and Houston clay 
(black and^shy gray, respectively), both of which in the virgin condition 
are deep, rich in organic matter and lime, and highly productive. They 
are underlain by lighter colored calcareous clay, which, in turn, normally 
overlies cream-colored marl or chalk (parent material) at depths of 
about 3 to 4 or 5 feet. The deeper soil occurs on the gentler slopes. On 
drying, the soil shrinks, cracks deeply, and assumes a favorable granular- 
fragmental structure; with rain, it swells and slicks over, causing high 
runoff and intensive sheet washing, even on moderate slopes. The north- 
ern part of the watershed is generally undulating, with long, uniform 
slopes; the southern part is moderately rolling wdth short, steep slopes. 
Erosion progresses more rapidly on the steeper land, of course; but most 
of the upland, even that sloping no more than 1 or 2 feet in a hundred, is 
subject to soil decline by sheet washing. 

The following erosion conditions were found by a survey of the 
project area in 1935: 


Acres 

Little or no erosion on flat stream bottoms, native pasture, 

and meadows 2,000 

Slight erosion: up to 25 per cent of topsoil removed 12,400 

Moderate erosion: 25 to 75 per cent topsoil removed 6,900 

Severe eroaimn: more than 75 per cent topsoil removed, to- 
gether with some subsoil 2,000 

Land essentially ruined by erosion 1,500 


Originally grass-covered, most of the area was used for raising cattle. 
With the advent of railroads and barbed wire, cotton soon became the 
principal product of the farm. Continuous clean cultivation over a 
long period has induced excessive erosion. Frequent patches of the brown- 
ish subsoil and even of the light-colored parent material are exposed on 
many of the steeper slopes and locally on areas of mild gradient. 

In the demonstration of erosion-control practices carried on here, 
132 farmers operating 13,276 acres are cooperating with the Service. 
Complete treatment for each farm, planned on the basis of individual 
surveys of all the farms, involve such conservation measures as crop 
rotations; strip cropping; contour cultivation; terracing; contour furrow- 
ing and reseeding of pastures; use of winter cover crops; development of 
stable waterways for disposal of runoff from terraces; gully control; 
protection of terrace outlets; fencing to encourage better use of the 
land; construction of stock-water ponds; and retirement of severely 
eroded land to the permanent protection of grass, trees, and shrubs. 

In addition to the 132 cooperating farmers, 11 noncooperating 
farmers owning 1,793 acres in the Duck Creek watershed, are carrying 
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on a complete program with only technical assistance from the Soil 
Conservation Service. The general attitude of the community toward the 
soil and water conservation program has been good. Local civic organi- 
zations, the Garland High School, the Parent Teachers Association, and 
other organizations and institutions are cooperating with the Extension 
Service, Vocational Agricultural teachers, and the Duck Creek Soil and 
Water Conservation Association in sponsoring field days and encour- 
aging visitors to inspect the work on the land. 

Some of the major accomplishments of the demonstration project, 


as of June 30, T938, are: 

Acres 

Retired from cultivation to permanent cover 1,143 

Approved rotations introduced on 7,664 

Contour tillage introduced on 7,070 

Terraced 2,283 

Strip cropped 6,943 

Pasture improvement, 3,314 

Planted to trees 17 


Strip cropping has proved one of the most economical methods for 
controlling erosion on gently sloping land. Alternate strips of small 
grain, sorghum, Sudan, alfalfa, Huham clover, and grasses have fitted in 
satisfactorily with the clean-tilled crops. Applied on |l rotation basis, 
and in conjunction with contouring, erosion has been controlled to a 
degree of more than 90 per cent effectiveness in many fields, along with 
marked reduction of runoff. It is believed that as the humus supply of 
the soil increases under proper rotations, the general effectiveness of 
these three complementary measures will provide even greater protection 
and further diminish runoff. 

Terracing, supplemented by these measures, has given good protection 
in fields of steeper slopes. 

On Jan. 20 to 24, 1938, 5.84 inches of rain, part of it falling at an 
intensity of 1.55 inches in 30 minutes, occasioned only slight erosion 
on the steeper protected lands and no visible erosion in the mildly sloping 
fields. 

Quantitative comparison with the old system of disregarding the con- 
tour is found in the results obtained on Houston soil at the soil and water 
conservation experiment station at Temple, Tex. Here, on land having 
the same slope as many of the fields in the Duck Creek project area, the 
soil loss from a 3-inch rain on Apr. 28, 1936, was at the rate of 17 tons an 
acre where the rows ran down the slope, as against only 0.63 ton where a 
comparable field was strip cropped on the contour. 

Bermuda and buffalo grass have proved very effective in controlling 
washing at the outlets of terraces and in waterways established to carry 
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Fig. 262 . — Little bluestem, a native wild grass, W’orked into strip-cropping program of 
central Texas. This grass also being used extensively in Black Belt of Texas for rehabili- 
tation of pasture. {Photograph by Soil Conservation Service.) 


Fig. 263 . — Hubam clover, by reason of its rapid growth and heavy production of seed, 
which mature before or about the time the effects of cotton root rot begin to develop, is 
fitting well into rotations for the Black Belt of Texas. {Photograph by Soil Conservation 
Service.) 


clover, by reason of its rapid growth, and heavy production of seed, which 
mature before or about the time the effects of cotton root rot (which 


runoff from upper to lower slopes. Little bluestem has given good results 
in pasture improvement work and in strip cropping (Fig. ^6^). Hubam 
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affects legumes) begin to develop, is fitting well into Black Belt rotations 
(Fig. ^63). 

Rio Grande Plain Area 

The Rio Grande Plain area, including the flat alluvial lands bordering 
the Rio Grande and other streams, comprises about million acres of 
prevailingly undulating to gently rolling country lying to the south 
of the Edwards Plateau and to the west of the Guadalupe River. This 
subhumid area, with an average rainfall of ^0 to 25 inches, has long been 
an important cattle country. Recently, however, there has been a 
gradual increase in farm operations, with intensive truck and fruit 
growing on the smooth lands of the Rio Grande Valley proper and to some 
extent in other localities. Locally, the surface is rolling; along some of the 
streams, it is decidedly broken. The alluvial lands are usually rich in lime 
and highly productive. Uplands are also productive, except for some 
of the shallower soils and loose sands. 

The principal soils outside the areas of ""red lands’’ are the gray, limy 
types of the Brennan group; the dark-colored, limy soils of the Maverick; 
and the gray, loose sands of the Nueces. In the red lands sections, the more 
reddish soils are those of the Duvall series; the darker lands with reddish 
subsoils belong in the Goliad group. Originally, most of the area was 
covered with a dense bush growth (chaparral), with a considerable 
admixture of prickly pear and, on the alluvial lands, small trees. 

Erosion is becoming a problem of increasing seriousness on the 
steeper cultivated areas. Much gently sloping land, also, is beginning to 
wash. Control measures should be established as rapidly as possible. 
Contouring, strip cropping, terracing, rotations, and revegetation are the 
principal adaptable measures. 

Areas of Relatively Slight Erosion 

Approximately 100 million acres of the 284 million in the Atlantic and 
Gulf Coastal Plain are comprised in four of the areal subdivisions where 
erosion is much less serious than in the subdivisions discussed above, 
chiefly because of mild slope and relatively small extent of cultivated land. 

Flatwoods 

The 45 million acres of low plains country bordering the Atlantic and 
Gulf from southeastern Virginia to southwestern Alabama is prevailingly 
so flat that it is generally known as the Flatwoods, Millions of acres con- 
sist of tidal marsh and swampland, reclamation of which is now regarded 
as impracticable; other millions are so flat that artificial drainage would 
he required for use other than grazing or forestry. It is estimated that 
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approximately a third of this subdivision could be brought into cultivation 
without expensive drainage operations. A considerable part of this, 
however, consists of such inherently poor soil that it is not likely soon to 
be used to any large extent except for forestry purposes. 

Of the area reasonably suited to farming without heavy drainage 
costs — probably about 20 million acres — two-thirds is too nearly level 
to have any serious erosion problem, except for occasional blowing on the 
more sandy lands. The remainder is susceptible to sheet washing, such as 
can be controlled largely by strip cropping or terracing. Occasional belts 
along streamways, with slopes of 4 or 5 per cent or more, are too credible 
for safe cultivation and should be used for grass or trees. 

This area includes some of the best forest land in the United States. 
Those tracts which have no hardpan or claypan near the surface and are 
not too swampy or boggy are splendidly adapted to fast-growing pines, 
particularly slash pine. A large total area is now in forest, with an impor- 
tant output of turpentine, resin, lumber, and pulpwood. The opportunity 
for successful large-scale forestry operations is particularly promising on 
soils like the Norfolk, Huston, Caddo, Kalmia, and related fine sandy 
loams. 

A considerable area of swamp has been drained for agricultural use, 
such as portions of the Florida Everglades and the swamps of eastern 
North Carolina. Much of this drained land consists of peat, a humus soil 
which burns readily when dry. Fires are very destructive during pro- 
tracted dry seasons, being difficult to overcome, especially where the peat 
is deep. Numerous tracts of sandy soil, together with some heavy land, 
have been drained by individual farmers for general farming, trucking, 
mixed farming, and the production of specialty crops, such as straw- 
berries, potatoes, celery, and citrus. Numerous knolls, ridges, and other 
relatively high areas are also used for the same purposes, without necessity 
for drainage. Cattle raising is important in parts of Florida. 

Gulf Coastal Prairie 

The flat country bordering the west Gulf Coast, from south-central 
Louisiana to the Guadalupe River in southern Texas, has about the same 
topographic characteristics as the Flatwoods, averaging a little more 
nearly level. The eastern half is largely imperfectly drained. Here, many 
tracts of pine are interspersed with the grasslands. Strips of hardwood or 
mixed hardwoods and pine border most of the major drainages in the 
sector east of the Brazos River; westward, the proportion of natural 
prairie increases. The soils average much heavier than those of the area’s 
eastern counterpart — ^the Flatwoods. Gray, brown, and black clays, silt 
loams, silty clay loams, and very fine sandy loams predominate. 
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West of the Brazos River, drainage conditions are much better, and a 
large area is devoted to general farming, with cotton as the principal crop. 
Cattle raising has long been important throughout the coastal prairies. 
Rice is locally important in the Louisiana and southeast Texas sec- 
tions. Some sugar cane is also grown in the eastern part of the Louisiana 
section. 

The Gulf Coastal Prairie includes about 12 million acres. Little serious 
erosion is found except on the more rolling areas near streams and the 
higher interior part. Strip cropping and contouring generally will give 
adequate control. 

Lower Mississippi Alluvial Plain, Terrace, and Crowleys 

Ridge Area 

This large area of some 34 million acres includes the alluvial lands 
bordering the lower Mississippi and its tributaries, the flat terraces 
bordering these first-bottom lands, and the rolling ridge in northeastern 
Arkansas and adjacent Missouri known as Crowleys Ridge. Although 
much of the land is low and swampy, such as the great swamp along the 
Atchafalaya River in Louisiana, a large total area is used for cotton, corn, 
sugar cane, and other crops. Sugar-cane production is limited largely to the 
highly productive lands of the first bottoms — the lower Mississippi ‘‘Delta” 
area. Rice is an important crop on the heavy second-bottom or terrace 
lands near Lonoke, Ark., and on similar lands in southern Louisiana. 
Cotton and corn are grown on all grades of soil, ranging from heavy 
“buckshot” clay (Sharkey clay) in the Delta country to the Memphis 
and Grenada silt loam of Crowleys Ridge. 

Extensive drainage operations have brought much former swampland 
into cultivation. The great levee system along the Mississippi and its 
tributaries has made farming far less hazardous than it could possibly be 
without protection from overflow. 

In the flat Delta and Terrace sections, erosion is of no great importance 
except on some of the more sloping lands bordering stream channels. This 
is mostly sheet washing and can be controlled by strip cropping, contour 
cultivation, and crop rotations. During the great inundations that some- 
times sweep over large areas of the lower alluvial plain, considerable local 
damage is done both by erosion and by deposition of sand. Grooves and 
potholes are gouged out in places, and sand is laid down as “sand blows” 
and extensive sheets near breaks in the levee and about trees and other 
obstacles to the current. 

The rolling lands of Crowleys Ridge have suflPered severely from wash- 
ing, both sheet erosion and gullying. Conditions here are much the same 
as in the loess area immediately east of the Mississippi. Terracing, con- 
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touring, strip cropping, crop rotations, and revegetation of severely 
eroded areas and steep lands are the principal remedies. 

Florida Rolling Sandy Lands 

This roughly defined area occupies some 7 or 8 million acres in the 
north-central part of the Florida peninsula. For the most part, the soil 
consists of deep sand (Norfolk sand) of undulating to rolling topography. 
Numerous areas of flatwoods are included, and lakes, ‘^cypress ponds,” 
“bays,” peat bogs, and strips of stream swamp are of frequent occurrence 
In the vicinity of Gainesville and Brooksville, heavy soils (sandy and 
clay soils with heavy clay subsoils), forested with hardwoods, occur as 
isolated tracts, known as hammock land. Such areas are conspicuous be- 
cause of their sharp contrast to the prevailing deep sandy lands with 
their characteristic growth of pine. The deep sand is used in many 
localities for citrus and other specialty crops, as well as for general farm- 
ing, Erosion removes considerable topsoil from the more sloping fields on 
these sandy lands during long heavy rains. Sloping fields of the heavy 
hammock land are affected more seriously than the deep sand. Generally, 
erosion is not recognized as a problem, and little or nothing is done to 
check it. It is not, however, a very serious problem, partly because 
of the highly absorptive nature of the dominant sandy soil and partly 
because of the relatively small area in cultivation. Contour cultivation, 
strip cropping, and terracing will give a large measure of control. 





Chapter XXXI . Southern 
Appalachian Region 


The Southern Appalachian Region, comprising approximately 115 
million acres, extends from Maryland southwesterly to central Alabama 
and from the Coastal Plain region in central Virginia, North Carolina, 
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Map 8, — Problem area of the Southern Appalachian Region. {Soil Conservation Service.) 

South Carolina, and Georgia northwesterly to the Central Prairie region 
(the timbered border portion) in southern Indiana and Ohio (Map 8). It 
covers most of Kentucky and Tennessee, the western two-thirds (approxi- 
mately) of Virginia, about half of North Carolina, more than a third of 
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South Carolina, about half of Georgia, and a large area in northeastern 
Alabama. A comparatirely narrow marginal strip extends into southern 
Indiana and Ohio. 

The principal subdivisions are (1) the Piedmont Plateau, (i) Blue 
Ridge Mountains, (3) Appalachian Valley and Ridges, (4) Appalachian 
Mountains and Plateau, (5) Highland Rim, and (6) Kentucky Sandstone- 
Shale Hills. 

The region is largely hilly to mountainous. Stream bottoms and second 
bottoms (alluvial terraces) are generally flat, and here and there flat lands 
occur in the limestone valleys and Highland Rim subdivisions. Little 
more than half of the area is sufficiently smooth to permit plowing; the 
remainder is too steep, rough, stony, or severely gullied for cultivation. 
A considerable part of the land that is now plowed or that could be 
plowed is unsuitable for cultivation because of its susceptibility to rapid 
decline by erosion. The elevation ranges from about £00 to 500 feet above 
sea level along the outer boundary of the Piedmont, to a maximum of 
6,684 feet at the summit of Mt. Mitchell in western North Carolina. The 
elevation of the northwestern boundary, in Ohio and Indiana, is approxi- 
mately 500 feet.^ 

The upland soils are derived from the underlying rocks, consisting 
for the most part of the granitics, rocks of the basic igneous group, 
micaceous schists, sandstone, shale, slate, and limestone. Texturally, the 
more important soil types vary from sandy loam to silt loam or clay loam 
at the surface, with subsoil usually ranging from friable sandy clay to 
stiff clay of low sand content. Drainage generally is well established 
throughout the uplands, although some seepy strips occur along the foot 
of slopes in the valleys, and occasional depressions and level tableland 
areas in the Highland Rim country are imperfectly drained. 

Rainfall is heavy throughout the region, ranging from aroxmd 50 inches 
along the outer boundary to 80 inches in a small mountain area near the 
point of contact between Georgia and the Carolinas. Generally, the heavy 
rains of spring and summer cause considerably more erosion than the 
storms of fall and winter, but bared land is susceptible to washing through- 
out the year, except on the higher elevations subject to long periods of 
frozen soil. 

The principal type of agriculture is general farming, but fruit growing 
is important in various parts of the region, especially apples in the Blue 
Ridge and limestone valleys, and apples and peaches in parts of the 
Piedmont. Cotton and corn are the principal crops in the Piedmont from 
about central North Carolina southward as well as in the valleys and 
smoother highlands of northern Alabama and Georgia. Tobacco is a crop 

^ See map of physical features of the United States, Atlas for American Agriculture/^ 
U. S. Dept. Agr., 1936. 
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of major importance in the Piedmont sector from about central North 
Carolina to middle Virginia, as it is also in Kentucky and adjacent parts 
of Tennessee. Corn, small grain, and grass are the principal general farm 
crops from middle and eastern Tennessee and western North Carolina 
northward. Dairying is of some importance near the larger cities, and the 
raising of cattle is of considerable importance in southwestern Virginia 
and western North Carolina. 

About a fourth of the region is in cultivation. Considerable land, 
previously cultivated, is now idle or abandoned, principally because of 
erosion. About 85 to 90 per cent of the cultivable upland land is subject 
to erosion under cultivation, and the stream bottoms (less than 10 per 
cent of total area) are subject to injury by the deposition of sand and finer 
material washed out of the uplands. Reservoirs have suffered seriously 
from silting; some have filled completely over a period of less than thirty 
years; others over periods of less than fifty years. Erosion is the most 
serious problem relating to the use of farm land over probably 85 per cent 
of the area. Practical farm measures, demonstrated by the Soil Conserva- 
tion Service, have greatly reduced, or controlled, erosion in a number of 
representative areas in various parts of the region. Adequate control of 
erosion in all instances has required the retirement of many steep and 
highly erodible areas to grass or timber. Reconnaissance surveys indicate 
that about SO to ^5 per cent of the land now in cultivation should be 
retired to permanent cover. 

Work on farms of the Southern Appalachian region under the pro- 
visions of the Agricultural Conservation Program of the Agricultural 
Adjustment Administration provides for a number of the practices that 
have been found effective in soil and water conservation. 

Piedmont Region 

The southern Piedmont region embraces the moderately elevated, 
highly dissected plateau bounded, roughly, on the west by the foot of the 
Blue Ridge Mountains and the southern extension of the Appalachian 
Valleys and Ridges and on the east by the Atlantic Coastal Plain. 
Southward from central Virginia, the average width is about 115 miles, 
the greatest width being approximately ^00 miles along an east- west line 
through Raleigh, N. C. This southern extension of the Piedmont com- 
prises about 41 million acres. The country is rolling to hilly, rising 
gradually from an elevation of about 200 to 500 feet above sea level, along 
the contact with the Coastal Plain, to an elevation ranging from about 
700 to 1,000 feet or a little more at the foot of the Blue Ridge. Although 
the region really comprises the foothills of the Blue Ridge Mountains, the 
line of contact is rather sharply defined, topographically, in most places. 
Occasionally, the two regions merge into one another in such a way that 
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it is impossible to fix a precise line of separation. Here and there, hills of 
more resistant rock, such as those near Kings Mountain along the North 
Carolina-South Carolina line, rise conspicuously above the general 
upland level. 

So intricately has the region been ramified by its drainage system that 
no large areas are without drainage outlets or slopes that quickly lead to 
drainageways. Along the many deeply eroded valleys, the topography is 
rolling to hilly, with numerous slopes too steep for cultivation. By far the 
greater part of the area, however, is, or originally was, cultivable. Erosion 
is active almost everywhere — numerous areas, large and small, have been 
so gullied that they have no further practical use for crop production. 
Approximately 10 million acres have been essentially ruined by erosion 
as the result of plowing slopes too steep and erodible for cultivation. In 
general, farming has been forced out of these areas by erosion, and pine 
trees are taking them over. Most of the land that has lain idle some 10 
years or longer has overgrown with ‘"old-field” pine, which, in spite of 
frequent fires, usually maintains a ground cover of litter sufficient to 
arrest severe soil washing. Por the greater part, the older trees are 
valuable for lumber, pulp, or firewood. On some of the most severely 
washed land, however, they have made very poor growth. For this 
reason, some gullies are still eroding. 

Over the broader stream divides, the land is smoother of relief, with 
undulating to gently rolling surfaces predominating. This is where the 
better farms are. 

The soils of the Piedmont are formed of products derived from decay 
of the underlying rocks. The mantle of soil and decomposed rock varies 
from less than 3 feet over some of the quartzite, schist, and slate areas to 
more than 50 feet in some of the southerly areas of granitic rocks. Here 
and there, gullies have cut into this granitic material to depths exceeding 
50 feet. The most abundant soils are the red lands of granitic rock origin, 
such as the Cecil, Helena, and Madison soils. Other important types are 
the gray soils, over yellowish subsoils, derived from granites, such as 
the Appling and Durham; the red lands derived from basic igneous rock, 
such as the Davidson and Mecklenburg groups; brownish-yellow, stiff 
lands derived from basic igneous rock, as the Iredell and Wilkes ; red and 
yellow slate lands of extensive occurrence in the Carolinas and south- 
central Virginia, as the Georgeville and Alamance; and grayish soils with 
red subsoil, overlying schist, as the Louisa. A number of important areas 
of reddish and yellowish soils, such as the Wadesboro, White Store, and 
Granville, have been formed from the shale and sandstone beds of 
Triassic age in Virginia and North Carolina. 

In the southern portion of the Piedmont, cotton has long dominated the 
agriculture, although corn is an important crop for farm consumption. In 
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the central part, tobacco is an important crop; to the north, wheat, corn, 
and grass are the principal farm products. Locally, apples and peaches 
are grown commercially, the former mainly north of North Carolina, and 
the latter principally in South Carolina and Georgia. Not nearly enough 
livestock or dairy products are produced for home use. Many farms have 
no cows; a large number have neither chickens nor hogs; and far too many 
are without gardens. Fertilizers are commonly used for practically all 
crops. 

Approximately 77 per cent of the cultivated area is used for the clean- 
tilled crops that give no protection from erosion. This is entirely too large 
a proportion of row crops for a region with so much credible land. It 
accounts to a very large degree for the extensive area of severely eroded 
land. 

Acreages of the more important groups of crops, derived from the 
census of 1930, are as follows: 


Per Cent of Land 
Acres in Farms 

Land in farms 29,281,000 

Cropland 9,056,000 31 

Clean-tilled 7,005,000 24 

Erosion-resistant 1,756,000 6 

Semierosion-resistant 295,000 1 

Permanent pasture 6,614,000 23 

Woodland 8,531,000 29 


There were in the region, according to the census of 1930, approxi- 
mately 150,400 horses, 416,100 mules, 948,100 cattle, and 142,200 sheep. 

Protection of the soil from erosion is the most difficult and important 
land problem confronting the farmers of the Piedmont. Already the 
process has violently upset the economic and social life of many com- 
munities, literally crowding people off the land. Pressure for good land has 
been felt for some time in a number of localities. Much good soil is left, 
but most of it is subject to erosion, and an additional large area will be 
lost if soil washing is not controlled. As it is, so much land has become 
unfit for cultivation that every remaining acre of productive arable land 
must be conserved if the rural economy of the region, on which urban 
welfare largely depends, is to be preserved. 

At the erosion experiment station near Statesville, N. C., the principal 
soil type of the area, Cecil sandy clay loam, has been losing soil from 
slopes of 10 per cent at the rate of 25 tons an acre annually, under con- 
tinuous clean cultivation to cotton, along with a loss of over 10 per cent 
of the total precipitation as runoff. This means that 7 inches of topsoil 
would be completely stripped off in 46 years under continued production 
of a clean-tilled crop. According to the measurements that have been 
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made, it would take around 80 thousand years to strip off the same 
amount of soil under a dense cover of grass (see Graph 16). 

The Soil Conservation Service lias carried on many demonstration 
projects of erosion control throughout the Piedmont. Excellent results 
have been obtained on lands not too steep for cultivation. Examples of 
the major land treatment and farm reorganization procedures involved in 
two representative soil and water conservation demonstration projects — 
the Little Beaver Dam Creek project of Anderson County, South Carolina, 
and the Brown Creek project in Anson County, North Carolina — are 
illustrative of the type of program necessary to control erosion in the 
Piedmont problem area. 

LITTLE BEAVER BAM CREEK PROJECT 

The Little Beaver Dam Creek project, comprising 35,500 acres, is 
located northeast of the city of Anderson, in Anderson County, South 
Carolina. The principal soils are the clay loams and sandy loams of the 
Cecil, Appling, Durham, Madison, and Davidson series. The topography 
varies from undulating and gently rolling to strongly rolling near the 
streams. With respect to soils, topography, type of agriculture, and 
erosion, the watershed of this stream is representative of a large and 
important Piedmont area. 

On the basis of surveys made prior to the establishment of the project, 
about a third of the entire area is too steep for cultivation. Less than 10 
per cent of the cultivated land occupies slopes under 3 per cent. Such 
gently sloping land, under normal conditions of tillage, is subject to a 
minimum of erosion. Approximately 50 per cent of the cultivated land 
occurs on slopes ranging from 3 to 10 per cent. For the most part, land 
this steep is suitable for the clean-tilled crops only where effective 
erosion-control measures are used. Some areas of coarse texture, such as 
the highly absorptive Durham sandy loam, can be safely cultivated, under 
good conservation practices, on slopes with gradients ranging up to about 
15 or 16 per cent. Nearly 30 per cent of the cultivated land has slopes 
ranging from 10 to 14 per cent. Most of this is fine-textured, highly 
erodible, and unsuitable for clean-tilled crops, although some of it may 
be used for forage and pasture crops where the land is covered throughout 
the year. Something over 10 per cent of the cultivated land is suitable 
only for forests, shrubs, or other permanent vegetation. 

About 60 per cent of the cleared land has lost from half to three- 
fourths of the topsoil; 20 per cent, from a fourth to half; 10 per cent, less 
than a fourth; and 10 per cent, more than three-fourths. 

Approximately 75 per cent of the land is farmed by tenants. Erosion 
is a serious problem on most of the land. It has been the custom to plant 
even the steepest slopes to clean-tilled crops year after year without 
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attention to soil-conserving rotations. When an area has washed so 
severely that cultivation does not pay, or when it has become so dissected 
with gullies as to preclude farming operations, it is turned to pasture or 
abandoned to voluntary restocking with second-growth pine. For many 
years, some farmers have terraced the more credible fields as well as they 
could, but frequently the slopes were too steep, or the terraces were 
improperly constructed or maintained, so that severe erosion continued 
between the structures in spite of their efforts. Many terraces have 
broken, with the result that adjacent lower fields frequently have suffered 
from gullying. Also, failure to provide properly protected outlets has 
caused much gullying at the ends of terraces. 

The program of erosion control carried on here by the Soil Conserva- 
tion Service, cooperating with the farm operators, involves 172 farms, 
comprising 19,116 acres. Each farm has been covered by a detailed 
survey of physical and economic conditions. Plans developed on the basis 
of these surveys have included the following principal measures: 

1. Conversion of severely eroded land to permanent protection of 
grass, trees, kudzu, or other dense vegetation. 

2. Strip cropping. 

3. Contour cultivation, 

4. Terracing. 

5. Protection of terrace outlets. 

6. Potation of crops. 

7. Development of grassed waterways to remove excess rainfall. 

8. Use of green manure crops. 

9. Protection of fields with seasonal cover crops. 

10. Pasture improvement. 

11. Gully prevention and control. 

12. Woodland improvement. 

13. Development of wildlife resources. 

Some of the major accomplishments, as of June 30, 1938, are as 
follows: 


Acres 

Retired from cultivation to the protection of permanent cover 1,302 


Approved rotations adopted 3,229 

Tilled on contour 9,052 

Protected by terraces 5,791 

Strip cropped 2,752 

Pasture treated 1,578 

Planted to trees 1,209 


BROWN CREEK SOIL CONSERVATION PROJECT 

The Brown Creek project covers parts of Anson and Union Counties 
in North Carolina, together with a small portion of Chesterfield County, 
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South Carolina. The area comprises approximately 65,000 acres in the 
upper watershed of Brown Creek. It is located entirely within the Cotton 
Belt and is representative of conditions over a large area within the 
Carolina slate and southern Triassic sandstone-shale sections. 

The principal upland soils are (1) those derived from Carolina slates, 
as the silt loams, clay loams, and slate loams of the Georgeville and 
Alamance groups; (£) those derived from sandstone, shale, and claystone, 
as the sandy loams and clay loams of the Wadesboro series and the clay 
and clay loam of the White Store series; and (S) those derived from 
diorite, as the Iredell clay loam. The topography varies from gently to 
moderately rolling, interrupted by an occasional conspicuous hill, such 
as Gordon Mountain. 

Surveys have disclosed the following erosion conditions, based on 
studies of 461 farms: 4 per cent not affected by erosion, 15 per cent only 
slightly eroded, 38 per cent affected with moderate erosion, per cent 
with moderately severe erosion, and 11 per cent very severe erosion. 
xApproximately 30 per cent of the area was damaged to various degrees 
by gullying. 

Fourteen per cent of the project area has slopes of less than 3 per cent. 
On these, erosion ordinarily is not serious. Moderately sloping land 
(3 to 7 per cent), such as can be farmed safely where erosion-control 
measures are used, comprises 68 per cent of the area. Nine per cent is too 
steep (7 to 12 per cent gradient) for intertilled crops, such as cotton or corn, 
but can be used to some extent for small grains, legumes, or pasture. The 
remainder consists of slopes of 12 per cent or more and is too steep for 
cultivation. It should be utilized as woodland or pasture. 

Under simple working agreements, the Service and the farmers 
cooperatively have applied an integrated erosion-control program to 
461 farms, comprising 53,687 acres. Each farm was surveyed in detail; 
and on the basis of the physical conditions of the land, a coordinated plan 
of treatment was worked out for all the farms. These plans were adjusted 
to the economic situation. The principal measures employed were as 
follows : 

1. Conversion of severely eroded land to permanent protection of 
grass, trees, kudzu, perennial lespedeza, or other dense vegetation. 

2. Strip cropping. 

3. Contour cultivation. 

4. Terracing. 

5. Protection of terrace outlets. 

6. Rotation of crops. 

7. Development of grassed waterways to remove excess of rainfall. 

8. Development of meadow strips to control runoff. 

9. Use of green manure crops. 
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10. Protection of fields with seasonal cover crops. 

11. Pasture improvement. 

12. Gully prevention and control. 

13. Woodland improvement. 

14. Development of wildlife resources. 

Traditional methods of farming in this area have not taken into con- 
sideration adequate plans for controlling erosion. Easily eroded soil, the 
continuous cultivation of large acreages of cotton and corn, and the pre- 
vailing system of tenancy have been the most important obstacles to the 
establishment of effective control measures. Sixty-seven per cent of the 
land is farmed by tenants. On the sandstone-shale soils of the Triassic 
belt, the percentage of tenancy is higher, the cotton acreage larger, and 
susceptibility to erosion greater than on the slate soils. General depend- 
ence on cotton is indicated by the large quantities of farm products 
bought from outside sources. It was estimated in 1915 that the following 
items ^ were shipped into Anson County annually: 100,000 bushels of 
corn; 100,000 bushels of oats; 600 tons of hay; 30,000 barrels of flour; 
250,000 pounds of lard; and 1,000,000 pounds of pork. Pecently, the 
situation probably has changed considerably. 

As compared with the Wadesboro and White Store soils of the 
Triassic belt, control of erosion is simple on the slate lands of the western 
part of the area. Erosion has long been severe on the sandstone and shale 
soils. Deep gullies had cut into the slopes long before the War between 
the States, In 1865, as Federal cavalry passed through the White Store 
locality, much livestock is said to have been saved from capture by being 
driven into the severely gullied areas where it was difllcult for mounted 
troops to operate. A considerable area in this section has been essentially 
ruined for cultivation, and many farms include large or small tracts of 
severely eroded land. 

The common practice was to clear off virgin forest and use the land 
without regard to conservation of the soil until it washed to a condition of 
excessively low productivity or was severely dissected by gullying. Then 
it was abandoned to broom sedge and old field pine, and fresh clearings 
made. Soon little virgin land was left. As the result, much abandoned 
land subsequently was brought back into cultivation by reclearing. In 
some instances, this process has been repeated a number of times. 

In the western, or slate-land, section, farming has been more diversi- 
fied, and a larger proportion of the farmers have remained on the land and 
operated on a ‘Tive-at-home’* basis, producing more small grain, hay, and 
hogs along with their cotton and corn. 

Evidence of the influence of the demonstration work is the increase of 
interest in soil conservation shown by landowners throughout the sur- 

1 Soil Survey, Anson County, North Carolina. Field Operations, Bur. Soils. 1915. 
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rounding territory. When CCC erosion camps were established in Anson 
and Union counties, in which the Brown Creek demonstration project is 
located, the immediate demand for assistance by farmers throughout 
these counties greatly exceeded the technical and labor facilities of the 
SCS and CCC. Calls for technical assistance in the various phases of the 
program, particularly for terracing, timber-stand improvement, advice 
on timber sales, and wildlife conservation ran far ahead of immediate 
capacity to handle the work. 

Recently, the Brown Creek Soil Conservation District, covering the 
115,000 acres within the Brown Creek watershed, was organized and 
established, principally as the result of general acceptance of the work 
carried out under the direction of the demonstration project technicians. 

Pollowing is a list of the major accomplishments of the Brown Creek 
demonstration project, as of June SO, 1938: 

Acres 


Retired from cultivation £,793 

In approved rotations 1£,453 

Tilled on the contour 13,463 

Protected by terraces 1£,305 

Strip cropped 1,6££ 

Pasture treated £,743 

Trees planted 1,363 


Conditions in the Old Tobacco Belt 

The watershed of Reedy Fork Creek, comprising 47,483 acres near 
Greensboro, N. C., is fairly representative of soil, topographic, erosion, 
agricultural, and economic conditions in the Piedmont section of the 
Old Tobacco Belt. 

Agriculture began in this area before the American Revolution. In 
1935, when operations were started in the Reedy Fork soil and water 
conservation demonstration project, the population was between 5,000 
and 6,000, of which approximately 3,000 were rural. Of the 834 farms, 
averaging 56.3 acres in size, about £5 per cent were operated by tenants, a 
proportion somewhat smaller than the average for the southern Piedmont. 

In this section, flue-cured tobacco (“bright” tobacco) has long been 
the principal cash crop. Corn, wheat, oats, rye, clover, and hay are 
produced on most farms, principally for home consumption or as cover 
or rotation crops. Fertilizers are used on most crops, heavy applications 
of 800 to 1,000 pounds per acre being made for tobacco. In 1935, approxi- 
mately 37 per cent of the land was used for crops, and 8 per cent for 
pasture; 50 per cent consisted of woodland, and 5 per cent was idle. 

Erosion, including areas affected by deposition (8.3 per cent), had 
damaged aU but 4.£ per cent of the area. More than 94 per cent of the 
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uplands, which comprise 92.2 per cent of the entire area, had suffered 
from erosion in some degree, 81 per cent seriously. Of the 81 per cent 
affected seriously, about half had been so severely damaged that it had 
little further use for really efficient cultivation, and about one-fifth had 
been essentially ruined for cultivation. Less than 1 per cent of the flat 
alluvial lands had been affected by erosion, but most of them had been 
damaged by deposition of materials washed out of the uplands. Many 
formerly cultivated areas had been buried by 3 feet or more of erosional 
debris. 

Most of the uneroded uplands were areas that had never been culti- 
vated. All but 6.3 per cent of the total area in crops, alluvial land and 
upland, had been affected by erosion, 70 per cent moderately and 19 per 
cent severely. 

The principal soils are Cecil sandy loam and sandy clay loam (28 per 
cent) and Appling sandy loam (34.5 per cent). Other important soils are 
Cecil clay loam and loam, Wilkes and Helena sandy loams, Iredell loam, 
Davidson clay loam, and alluvial bottomlands. Of the Iredell, Helena, and 
Wilkes soils, all but 2 per cent had been affected by erosion, 87 per cent 
seriously; of the Cecil, Appling, and Mecklenburg, all but 5.5 per cent 
had been affected, 81 per cent seriously; of the Durham-Davidson 
group, 66 per cent had been affected seriously. 

Approximately 22 per cent of the area is too steep for cultivation (D 
slopes: generally 12 per cent or steeper); 30 per cent is too steep for 
clean-tilled row crops (C slopes: generally of 7 to 10 per cent gradient); 
nearly 41 per cent is of moderate slope on which cultivation is safe with 
the use of conservation practices (B slopes: generally of 3 to 7 per cent 
gradient) ; and 7 per cent ranges from level to gradients of less than 
3 per cent (A slopes) and is safe for cultivation without conservation 
practices, where properly drained and protected from overwash.^ 

Approximately 16.7 per cent of the pasture and woodland in the area 
had not been affected by erosion (part of this never cultivated) at the 
time work began, but about 73 per cent of the former and 64 per cent 
of the latter had suffered seriously.^ Most of the pasture and woodland 
had been cultivated at some time and abandoned because of erosion. 

Operations in the Reedy Pork soil conservation demonstration project 
had extended to 365 farms by June 30, 1938. The principal measures 
employed were contour cultivation; strip cropping; terracing; crop rota- 
tion; seasonal cover crops; gully control; wildlife planting; retirement of 
steep, erodible land to the protection of trees or grass; and establishment 

^ The gradients thus defined vary somewhat with degree of erosion and the soil type. 

2 Stevens, W. W., Bragg, H. V., Sease, E. C., and Lewis, O. C. Erosion and Related 
Land Use Conditions on the Reedy Fork Demonstration Area, North Carolina, U. S. Dept. 
Agr. unnumbered Pub.^ 1938. 
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of stable waterways and meadow strips. Some of the more important 
accomplishments were the contouring of 0,283 acres; strip cropping of 
4,266 acres; terracing of 6,015 acres; protection of 3,516 acres with 
adaptable rotations and timely seedings of cover crops; and retirement 
of 4,881 acres to permanent pasture, trees, and wildlife plantings. 

Blue Ridge IMouiitaiii Area 

The southern Blue Ridge Mountains area, covering about 13 million 
acres, extends southw’esterly from Maryland across the western parts of 
Virginia and North Carolina, the eastern margin of Tennessee, extreme 
w^estern South Carolina, and northern Georgia to the vicinity of Talladega 
in central Alabama. The northern and southern extremities are narrow; 
the maximum width, about 125 miles, is attained in southwestern North 
Carolina. Southwesterly from the point in north Georgia where the 
mountain belt narrows sharply, elevations are considerably lower, and the 
range, merging with the associated highlands, almost loses its identity 
as a separate problem area. It is in the Blue Ridge, in western North 
Carolina, that the highest point east of the Black Hills is attained. 

The greater part of the area is forested, although much of the timber 
has been cut over, and a considerable part consists of second growth. 

The principal soils are those of the reddish Porters and yellowdsh Ashe 
series, derived from granitic rocks, and the comparatively shallow^ reddish 
schist-derived soils of the Talladega group. Rock outcrop and stony land 
are surprisingly scarce, and a large proportion of the soil is remarkably 
deep (to bedrock) for such mountainous terrain. 

General farming is the dominant type of agriculture- Apples are 
important, especially in the northern part; and the raising of livestock, 
principally cat'cle, has attained a place of considerable local importance, 
as in various parts of western North Carolina. Dairying has been success- 
fully developed in the vicinity of some of the larger towns. 

Temperature has considerable effect on crop adaptability. In general, 
seasons are too short or cool for cotton, even in the southern extension, 
but grass does better than on comparable areas within the adjacent 
warmer Piedmont. Timothy and bluegrass and some buckwheat are 
successfully grown as far south as North Carolina. 

Typically mountainous country throughout, except in the south- 
western extension, the prevailing slopes are too steep for easy cultivation. 
But there are numerous areas of good farm land, occurring principally 
in the basins and broader valleys, on shouldering positions and lower 
slopes, and as narrow strips of alluvium. It is estimated that about 
75 per cent of the area is too steep for safe cultivation. 

Some If million acres are included in the Chattahoochie, Cherokee, 
Naiitahala, and Pisgah national forests, together with a large area lying 
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within the George Washington and Jefferson national forests, portions 
of which are in the Appalachian Valley and Ridges area. The Shenandoah 
and Great Smoky Mountains national parks comprise some 570,000 
acres. Still other areas are included in various tracts of public lands. 

Of the land that can be cultivated safely, fully three-fourths will 
require protection from erosion, if productivity is to be maintained. With 
respect to severity of erosion, degree of slope is the principal determinant, 
although soil character locally affects erosion rates to a marked degree. 
Some of the more gravelly land and most of the darker reddish soils, such 
as the Porters clay loam, are strongly resistant to washing, relatively, 
because of high infiltration capacity. 

Although gullying is severe in many places, sheet washing is by far the 
most extensive and troublesome type of erosion. Because of this, super- 
ficial observation has led to frequent mis judgment with respect to the 
resistance of the steeper lands to erosion. Moreover, the casual observer 
may fail to discern the fact that the frequent stands of second-growth 
timber generally occupy land abandoned for cultivation because of 
impoverishment by erosion. One sees many such reforested fields, for 
example, along the highway from Asheville to Murphy, N. C. 

Erosion generally can be controlled on slopes of not over 10 to 12 per 
cent gradient with contour cultivation, strip cropping, terracing, good 
crop rotations, seasonal cover crops, and preservation of crop stubble. 
Some of the more gravelly land and the deeper more loamy phase of the 
Porters and Ashe soils can be’ farmed safely, if defended with a properly 
applied system of erosion control, on slopes up to 16 or 18 per cent. The 
steeper lands should either be kept in grass or returned to timber. Pastures 
should be carefully protected from overgrazing and unseasonable use. 
Fertilizers are usually needed for all crops. 

Appalachian Valley and Ridges 

The southern extension of the Great Appalachian Valley, together 
with its associated ridges, extends in a troughlike strip of irregular width, 
southwesterly from Maryland, through western Virginia, eastern West 
Virginia, eastern Tennessee, and northwestern Georgia, to the vicinity of 
Birmingham, Ala. It is roughly enclosed by the Blue Ridge Mountains 
on the east and the Cumberland-Allegheny Mountains on the west. The 
area is approximately 11 million acres. In different localities, it is known 
by different names, such as the Shenandoah Valley or The Valley in 
Virginia and West Virginia, the Valley of East Tennessee to the south, 
and the Coosa Valley in Georgia and Alabama. Some detached areas are 
practically identical in general characteristics within a main valley, as the 
Sequatchie Valley of Tennessee and portions of the irregularly shaped 
valley along the Tennessee River in northern Alabama, 
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The more typical limestone valley areas are characteristically undulat- 
ing to gently rolling over their main floors and are admirably suited to 
cultivation. About 65 or 70 per cent of the area is readily tillable. Gener- 
ally, the floor of the valley ranges from about 500 to 3,000 feet below the 
bordering mountains. The difference is about 2,700 feet, on the average, 
in the center of the area along the Virginia-Tennessee line. Southwest- 
ward, the difference in elevation falls to around 500 feet or less in north 
Alabama, and north w’ard to around 700 to 1,000 feet near the Maryland 
line. Locally, streams have cut valleys within the valley to depths of 
more than 200 feet. 

Hills and ridges rise abruptly from the valley floor to elevations of 
around 750 to 1,000 feet or more. Comparatively narrow ridges, underlain 
by cherty limestone, shale, and sandstone paralleling the general north- 
east-southwest trend of the main valley are of frequent occurrence in east 
Tennessee and southward. The detailed valley characteristics of this 
Appalachian trough are due primarily to the fact that the dominant rock, 
limestone, has decayed more rapidly than the rocks of the bordering ranges. 

The most important soils of the valley area are the browm loam and 
silt loam of the Hagerstown; the red loam, silt loam, and clay loam of the 
Decatur series; and the grayish-brown gravelly silt loam of the Prederick 
and Clarkesville series. The subsoil of the Hagerstown consists of light-red 
clay; of the Decatur, red clay; and of the Frederick, yellowish-red silty 
clay. At the surface the Clarkesville soils (mainly gravelly silt loam) are 
like the Frederick, but tbe subsoil is of yellow color and more cherty. These 
are much more productive and, collectively, more extensive than the asso- 
ciated grayish to light-brown shale and sandstone soils of the Hartsell 
and Berks series (with yellow clay subsoils), which normally are of 
rolling to hilly topography, often shallow and frequently stony or shaly . The 
cherty (gravelly) limestone soils, such as the Frederick and Clarkesville, 
are prevailingly more rolling than those of the Hagerstown and Decatur 
groups. The last two represent the outstandingly productive lands of the 
region, although under good treatment the lighter colored Frederick soils 
are also of good productivity. 

Sheet erosion has taken a much heavier toll of nearly all varieties of 
soil throughout the area than has been generally realized. Gully erosion 
has been serious locally in the northern part and generally serious in the 
southern part, except on the more gravelly areas. South of the Virginia 
line, the inroads of erosion have been and continue to be very heavy — 
considerably more so than to the north. Many areas, including some of 
the most productive land of eastern United States, have been forced 
out of cultivation solely because of gullying, deep sheet washing, or both. 
At present, soil wastage in the southern extension is proceeding so rapidly 
that land depletion continues to outstrip all efforts at stabilization and 
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improvement. To a lesser extent, this is true also on the more rolling 
valley lands of the northern extension. Here and there, land is still being 
cleared for cultivation on slopes so steep that fields cannot possibly be 
protected adequately under any type of utilization except for permanent 
grass or trees. In 1934, the author saw slopes in cultivation on Clynch 
Mountain, in Tennessee, having gradients up to 80 per cent. The operators 
frankly stated that such fields would normally be expected to last about 
5 to 8 years from the time of clearing if used for corn or tobacco or only 
about 3 years if exceptionally heavy rains should fall. 

Probably not less than 75 or 80 per cent of the cultivated area is sub- 
ject to impoverishing erosion under clean tillage. About half of the entire 
area is too steep for cultivation under any kind of protective system but 
prohibitively expensive bench terracing and should be kept in such cover as 
grass, lespedeza, kudzu, or woods. With respect to the better limestone 
land, about 20 to 25 per cent of that now in cultivation should be retired 
to the protection of permanent cover. Some very gravelly areas of limited 
extent, such as the Frankstown gravelly silt loam in the vicinity of 
Winchester, Va., have such high absorptive capacity that cultivation is 
feasible on gradients up to 20 or 25 per cent. On the shale and sandstone 
lands and the better limestone soils, however, cultivation generally should 
be limited to slopes of not over 8 to 10 per cent. Gradients of about 12 to 
15 per cent should be the limit of cultivation on the lighter colored gravelly 
limestone land (Frederick and Clarkes ville) . Even with these slopes, a 
completely coordinated treatment of erosion control must be employed 
if the soil is to be conserved. This will include, among other measures, 
contour cultivation; crop rotation; strip cropping; terracing; use of seasonal 
cover crops; and, frequently, application of lime and fertilizers. 

General farming is the dominant type of agriculture, with corn, 
clover, grass, and small grain predominating north of the center of the 
Valley of East Tennessee, and cotton, corn, lespedeza, and oats pre- 
dominating to the south. Apples are highly important in Virginia and 
West Virginia. Some tobacco is grown in east Tennessee. 

About half the area is occupied by forest or brushy growth and 
pasture. Large portions of the Chattahoochee, George Washington, and 
Jefferson national forests lie in the Appalachian Valley and Ridges area. 

Appalachian Mountains and Plateau 

The southern Appalachian Mountains and Plateau region parallels 
the Appalachian Valley and Ridges area on the west. It comprises about 
17 million acres, including the Kentucky-Indiana sandstone-shale hills 
area. From the strictly mountainous country — Cumberland Mountains — 
immediately bordering the valley, the slope falls gradually westward 
to the Plateau sector, and the surface becomes generally smoother. 
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In the mountainous eastern sector, elevations of 2,500 to 3,000 feet are 
not uncommon; in the Big Black Mountains of Kentucky and Virginia, 
some points rise to approximately 4,000 feet. In the Plateau proper — the 
relatively smooth country west of the rough lands bordering the Valley — 
the dominant skyline is fairly even although interrupted by local emi- 
nences. Deep valleys have cut into or across the Plateau. All of these 
are bordered by rolling to rough lands largely unsuitable for cultivation. 
Undulating to almost level areas, well suited to cultivation, are en- 
countered frequently on the interstream divides of the smoother westward 
portion of the area. 

Although the upland soils are derived from the underlying sedimentary 
rocks — principally sandstone and shale — these have been so resistant to 
weathering that depth to bedrock averages very much less than in the Blue 
Ridge division of the Southern Appalachians, where many of the rocks are 
tough, but more readily weathered crystallines. Over much of the country, 
bedrock is reached at depths of about 3 feet, and numerous slopes are occu- 
pied by rock outcrop or very thin, unstable layers of material more of the 
character of rock debris than of true soil. Lower slopes in the mountainous 
section have been covered in places by accumulations of rock talus to such 
depth as to preclude any kind of use. 

The principal soils, outside the areas of rough stony land or steep 
mountain land, are the gray sandstone or shale lands with yellow subsoils, 
such as the Hartsell (formerly Dekalb) and Berks. Some areas derived 
from similar rocks have a red clay subsoil (Hanceville soils). 

General farming, frequently of the subsistence type, is carried on 
throughout the area. Considerably more than half the area is in some kind 
of forest. Much of the country has been cut over. Stands range from small 
second growth to occasional remnants of heavy timber. Farms generally 
have relatively small areas in cultivation. The Black Warrior and Cum- 
berland national forests, comprising some half million acres, lie largely 
within this problem area. Corn, small grain, and grass are the principal 
products. Tobacco is of some importance locally, as are apples and 
peaches. 

Erosion is widespread, and generally little has been done to check its 
invasion of the average field. Much land has been abandoned following 
removal of the topsoil, and other areas have been forced out of cultivation 
by gullying. Fortunately, some form of vegetation usually takes hold of 
such “thrown-out’* land — weeds, native grasses, bushes, trees — and 
slowly provides a degree of stabilization. Although soil recovery is 
exceedingly slow or negligible on all severely washed areas, such land is 
sometimes recleared after “resting” for about 5 to 10 years. It is planted 
for a year or two, then “turned out” again. Even after this, some areas 
are cleared a third time, following a “rest” period of 12 to 20 years or 
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longer, and put into cultivation. Erosion continues with each successive 
clearing almost as if nothing had been done to check it; and after one 
crop, usually a pitifully small one, the land finally goes back to whatever 
protection nature can provide. Such rotation of ‘'bush fallow’’ and 
cultivation is one of the economic evils resulting from uncontrolled 
erosion. Where it is followed, subsistence farming is the usual result. It 
is on the order of the patch agriculture found in jungle clearings in 
outlying areas of Central America. This futile type of farming is fairly 
common in the rougher parts of the Southern Appalachian region. How- 
ever, it is somewhat less futile on eroded limestone soil of the Hagerstown 
and Decatur groups, because the subsoil of these lands is more productive 
than the highly acid subsoil of the shale and sandstone lands. 

Most of the cultivated land in this mountain-plateau country is in 
need of protection from erosion. Demonstrations have shown that much 
of it can be protected with rather easily applied, practical farm measures, 
where they are individually or collectively used to meet not only the 
requirements of each field and parcel of land but the needs of entire 
farms. Cultivation should be discontinued generally on slopes steeper 
than about 10 or 12 per cent and at about 8 per cent on the shallower soils 
overlying clay. Applicable control measures will be much the same as 
those recommended, in the next chapter, for similar lands of the south- 
western portions of the Northern Appalachian area — the Muskingum 
soils of the Allegheny-Ohio section. 

The Sandstone-Shale Hills region of northwestern Kentucky and 
adjacent southern Indiana are much the same as portions of the southern 
Appalachian Plateau. Soils and topography are very similar, and erosion 
conditions and needs are of the same general order. 

Highland. Rim Area 

The large area of predominantly limestone land lying west of the 
southern Appalachian Plateau, in Kentucky, central Tennessee, and 
north-central Alabama, is designated the Highland Kim area. Although 
the surface has a prevailingly smoother skyline, and some areas of plateau- 
like characteristics are undulating to nearly level, much of the land is of 
rolling to hilly or ridgy topography. Some localities, as in southern 
Kentucky, have a distinctly pitted surface (karst topography) due to 
sinkholes leading to underground openings into the basal limestone. 
Streams generally have entrenched deep valleys, often enclosed by 
vertical limestone cliffs or steep, rough escarpments. 

The general upland level averages in the neighborhood of 1,000 feet 
above sea level, with a gradual slope westward. Approximately 23 million 
acres are comprised within the Highland Rim, including the Nashville 
Basin and Lexington bluegrass area. In general, the soils are much more 
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productive than those of the sandstone-shale plateaus to the east. 
General farming prevails, with tobacco, small grain, corn, and grass the 
principal crops. Dark export and Burley tobacco are extensively grown 
in Tennessee and Kentucky. Special crops, such as stra'wberries, are 
locally important, and stock raising has a prominent place in the agricul- 
ture of some farms. Probably at least 50 per cent of the area is in cultiva- 
tion, the remainder consisting chiefly of woodland, |>ermanent pasture, 
and abandoned eroded land. 

The most important soils are the limestone lands of the Hagerstown, 
Frederick, and Decatur series. The shale lands are much like those of the 
Appalachian Plateau. 

Erosion is a problem over about 80 per cent of the cultivated area and 
generally a serious one. About 15 to 20 per cent of the land in cultivation 
should be retired to a permanent cover of grass or trees, and most of the 
remainder will need treatment with control measures fitted to the needs 
of the diverse topographic and soil conditions. The ease with which grass, 
lespedeza, and clover are grown makes the problem of control easier than 
on the thinner soils of the neighboring sandstone and shale portions of 
the area. Fertilizers are in general use for most crops. Grass and legumes 
give good results in soil-saving rotations, especially with applications of 
lime and phosphatic fertilizers. 

The Nashville Basin and Lexington Bluegrass area include principally 
good limestone soils, such as the Hagerstown and Maury loams, silt 
loams, and clay loams. Here the agriculture is about like that on the better 
limestone lands of the Bim Country. Erosion, however, because of milder 
slopes and better land use, is not so serious generally in these basin areas 
as in the surrounding country, but it is active on much land, especially 
in the Nashville Basin. Control measures of the same order as those 
needed in the Highland Rim Country would apply to these predominantly 
high-grade farm lands. 





Chapter XXXII. Northern Appalachian 
and New England Area 


The Northern Appalachian-New England area consists of a highly 
complicated arrangement of mountain masses, plateaus, and deeply 
infolded and stream-cut valleys. It comprises approximately 127 million 
acres, covering all of New England and West Virginia, nearly aU of New 
York and Pennsylvania, the northern third of New Jersey, the western 
half of Maryland, a large area in southeastern Ohio, and a small part of 
western Virginia (Map 9). Elevations range from sea level along the New 
England coast to more than a mile above tide level in the White Moun- 
tains of New Hampshire. 

In detail, the region embraces a large number of subdivisions; in 
general, it comprises (1) the Piedmont Plateau, lying along the eastern 
base of the Appalachian Mountains; (2) the northern extension of the 
Appalachian Mountains and Valleys, extending northeasterly from the 
Potomac River through eastern New York and western New England; 
and (3) the northern Appalachian Plateau, which declines westward from 
the Appalachian Mountains into the Ohio Valley and northward nearly 
to the Great Lakes. 


Climate 

Annual precipitation in the form of both rain and snow varies from 
a maximum of 50 inches in the mountainous parts of the Northern 
Appalachian-New England region to a minimum of 30 inches along Lake 
Ontario and in the Finger Lakes region of central New York. At all 
elevations above 1,000 feet in the more northerly localities, and above 
1,500 feet in the south-central portion, the winter snow cover is usually 
adequate to provide protection for winter grasses, legumes, and grains. 
Snow is less continuous in the southerly and lower lying sections, more 
of the precipitation taking the form of rain. Persistency of snow prevents 
frequent freezing and thawing of surface soils and so reduces winter 
erosion. Concurrently, those areas which experience adequate winter 
snow cover are the ones that still retain a large proportionate area in 
forest, and within which a grass cover in the form of pastures and 
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meadows is most generally present. Over a large part of the region, winter 
snow persists from the middle of December until the end of February. 
Snow melts most rapidly and over the widest areas during March and 
.\pril. This is a period of flood hazard and severe erosion, especially when 
rains add to the volume of runoff. 



01 - Ptedmont 

o “ Unglocialed Ptedmonf 
b - GlaciOied Piedmant 

02 * Appolochion Mountoms ond Valleys 

o - Adirondacks- Green and White Mountains 
b - Ridges ond Valleys 

03 - Appalachion Plateau 

<3 ' Aroostook Section 

b - Sostern Greet LoKes - St. Lawrence Valley 
c - Finger Lakes - Mohowk Section 
d - Delowore - Susquehonno Section 
! e - Alleghcny«0hio Section 

Map 9. -Northern Appalachian and New England Problem Area. (Soil Conservation 

Service.) 

A second period of frequent severe runoff comes during Jime and July. 
At this time, many fields are bare of vegetation, and spring-sown grains 
afford but a minimum of vegetative protection. Throughout the region, 
local thunderstorms are likely to cause much washing and even gullying. 

Length of the growing season exerts a strong influence on erosion. At 
the higher altitudes and in the more northerly section, the average of 
this period is less than 130 days. This restricts agricultural opportunity. 
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even on the more favorable lands. The eastern Great Lakes section, the 
St. Lawrence and Hudson valleys, and many of the interior valleys of 
Pennsylvania have a longer and more favorable growing season. In 
southern New England, through most of New Jersey, Maryland, Dela- 
ware, and West Virginia and all of Pennsylvania southeast of the Appa- 
lachian Ridges, an average frostfree period of more than 150 days 
provides greater agricultural opportunity. 

The period of land preparation and planting is the time of maximum 
exposure to erosion. It extends from March well into May in the more 
southerly localities and at lower elevations and from April into June 
farther north and at higher elevations. In the faU, the harvesting of 
potatoes, late truck crops, and buckwheat and the preparation of land 
for seeding to winter grain and cover crops again expose considerable 
areas to severe erosion. Clean cultivation of orchards, vineyards, and all 
intertilled crops continues through the summer. These conditions, partly 
attributable to the climate, have a marked influence on erosion. 

Erosion 

The Northern Appalachian-New England area, with its cool climate 
and normally abundant precipitation, is generally adapted to easy estab- 
lishment of grass and other forms of protective vegetation. In its natural 
state, it was almost entirely covered with forest, usually mixed coniferous 
and deciduous growth. With the advance of occupation for agricultural 
purposes and for lumbering, the smoother, less stony tracts were cleared 
and cultivated. In the early days, upland grasses were not available for 
the seeding of grasslands, either for pasturage or for hay. Consequently, 
grain crops were grown extensively, and the surface was exposed to 
erosion through those periods when there was little or no vegetative cover. 
Accelerated erosion began almost at once with the clearing of the land; 
and even in some forested areas, it was promoted by the burning, acci- 
dentally or purposely, of cut-over lands. It was not until well along in the 
nineteenth century that crop rotations began to be adopted by seeding 
land to grasses between periods of occupancy by corn, wheat, or oats. 

In that part of the area used for farming, it is estimated that from a 
fourth to half of the original surface soil has been washed out of fields. 
Approximately a fifth of the cultivated area has been affected in some 
degree by gullying (Fig. 264). 

The most widespread form of soil erosion in the Northeastern States 
is sheet washing. This form of erosion has been found on surfaces having 
slopes of not over 1 per cent, but usually serious effects are restricted to 
gradients of 3 per cent or more. It becomes increasingly serious on slopes 
up to about 25 per cent, where the use of the land for production of inter- 
tilled crops ceases on the better-managed farms. Slopes greater than 25 
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per cent are used most frequently for permanent pasture or as farm 
woodlots. On the more erodible lands, cultivation should stop generally 
at gradients of about 10 to 15 per cent. All fields should be given adequate 
protection with sound conservation measures. 

Soil erosion in this general region has long been unnoticed; its influence 
on decreasing farm efficiency has not been fully appreciated, partly 
because the most seriously affected fields usually are turned out to grow 
over with brush, grass, or weeds, which quickly hide the effects. A primary 
need of the area, consequently, is a more general recognition of the neces- 
sity for taking steps leading to the conservation of soil resources and 




Fig. 264. — Pasture showing results of gullying. Newer gullies in grain field below. Steuben 
County, New York. (Photograph by Soil Conservation Service.) 

reduction of the flood hazard through control of runoff from the land. 
It is also essential that sheet erosion be recognized as an important 
cause of declining agricultural efficiency, since this form of land depletion 
is one of the principal reasons why millions of acres of land, especially 
in the Appalachian Plateau, have become submarginal or have ceased 
to be occupied as farm lands. 

In practically all parts of the general farming and dairying sections, 
many slopes in excess of 10 per cent are used for cultivated crops. On 
most farms, all of the processes of preparing and cultivating cropland 
are performed in rectangular fields without regard to the direction or 
degree of surface slope (Pig. 265). This practice has been one of the chief 
causes of soil loss by erosion. To permit early spring seeding of small 
grain, fall plowing of corn stubble and even of sod land is a common 
practice at the higher altitudes of the dairy farming section. This leaves 
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the surface exposed to fall and spring rains and the runoff of melting 
snow before the grain crops have attained sufficient height and density 
to provide adequate protective cover. Also, lands from which potatoes 
and vegetables have been harvested are left without winter cover, with 
attendant soil losses in fall and spring. Vineyards, peach orchards, and 
some apple orchards usually are clean cultivated and left without fall or 
winter cover crops, giving rise to serious soil washing. In sections used 
intensively for vegetables and canning crops, the land is cultivated the 
greater part of the year. Grain and grass cover are provided only for 
limited areas. Cover crops are not commonly employed. Under these 
conditions, erosion is serious even on gentle slopes. 



Fig. 265. — Up- and downhill farming promotes erosion. Centre County, Pennsylvania. 
(Photograph hy Soil Conservation Service.) 


Recently, many upland pastures have become thin of cover on a large 
eroded area; and lime and fertilizer, along with water conservation, ad- 
justment to carrying capacity, seasonal grazing, and rotation grazing, 
are necessary to reestablish a good sod. Sheet washing has removed so 
much soil that many pastures are now covered with a pavement of 
stone. Much land of this kind has been allowed to revert to brush. 

‘More than 16 million acres of farm land are devoted to pasture in addi- 
tion to 8 million acres of pastured woodland. A large part of this occupies 
slopes in excess of 20 per cent. Few pastures have been fertilized, limed, or 
reseeded, so that the greater part of this land does not support sufficient 
grass to protect it from washing. Retirement of the steeper and more 
impoverished tracts to forest and the general improvement of the better 
lands is an important and widespread need. 

Contour planting of new orchards and terracing of existing orchards 
are essential steps in controlling soil erosion in the orchard belt of south- 
central Pennsylvania, western Maryland, and eastern West Virginia. 
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Many of these orchards occupy rather steep slopes of erodible soil. 
Water from higher elevations is discharged across many of them. Clean 
cultivation is a common practice. In some instances, diversion terraces 
are required, and increased use of cover crops is desirable. 

The orchard and vineyard areas of the Hudson Valley, the Finger 
Lakes region, and western New York generally need terrace planting, 
terracing of existing plantings, and more extended use of cover crops. 

The Problem on Croplands, Twenty-six million acres in the 
Northern Appalachian-New England area are classed as cropland. This 
includes all lands used for hay, grains, corn, potatoes, tobacco, orchards, 
vineyards, small fruits, vegetables, and canning crops. Retirement of the 
steeper slopes used for these crops to permanent pastures or the more 
permanent forms of hay production is urgently needed. Equally neces- 
sary is a general readjustment of field boundaries to permit contour 
cultivation and strip cropping. Diversion terraces are needed to break up 
the accumulated flow from long slopes. These slopes sometimes exceed 
a half mile in length, and destructive gullying as well as sheet washing 
results from unimpeded runoff across them. On more gentle slopes, 
especially in areas of intensive cultivation, field terraces help reduce 
erosion. Greater use of fall and winter cover crops and conservation of 
crop residues and stubbles should be encouraged. In both dairying and 
general farming sections, adjustment of the general procedure in crop 
succession is needed. At present, some rotations favor too prolonged use 
of meadows, and several of the customary short rotations permit too 
frequent exposure of the soil to rainwash. Much land should have its 
organic supply replenished, and this can be accomplished through in- 
creased use of legumes and grass in the rotations. 

The Problem oE Farm Woodlands. The existence of more than 
20 million acres of woodland on the farms of the Northern Appalachian- 
New England area provides an excellent opportunity for the spread of 
proper methods of farm-woodlot management, which would contribute 
to better control of erosion. When properly cared for, these woodlands 
have a marked influence in retarding and distributing the runoff of 
melted snow, thus giving added protection to lower lying, more valuable 
farm lands and probably causing some reduction of floods. Eight million 
acres of farm woodland in the region is classed as pastured woodland. In 
practically all instances, the water- and soil-conserving possibilities of 
such woodland would be improved by fencing out livestock. This also 
would permit cheap reproduction to perpetuate the wooded area. The 
replanting of steep slopes, especially in pastured areas, leads both to the 
protection of the soil and to the retirement of hazardous land from graz- 
ing use. Probably more than a third of all of the land in farms is capable 
of improvement from the standpoint of soil and water conservation. 
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The Problem on Pasture Lands. More than 16 million acres, in 
addition to the pastured woodland, are classed as land in 'pasture. A large 
proportion of this occupies slopes steeper than ^0 per cent, some of it 
having a declivity of more than 45 per cent. Generally, farmers have not 
maintained their pastures by such needed treatment as fertilization, 
liming, and reseeding, so that the greater part is inadequately protected 
from erosion — principally sheet washing. Retirement of the steeper and 
rougher areas to forest and general improvement of the better parts are 
a widespread need. 


Four Years of Work 

The first erosion-control work by the Soil Conservation Service in the 
Northeastern States was carried out on demonstration projects in various 
problem areas . 

Forty-five of these projects have been established in nine states since 
the beginning of operations in 1934. By Jan. 1, 1988, work was under 
way or completed on 4,260 cooperating farms, covering 558,462 acres. A 
work plan was prepared for each farm, and the different kinds of land 
were treated according to their individual needs and adaptabilities, with 
careful consideration given at the same time to the economic needs of 
the farmer. 

On these farms, the soil and water conservation program had brought 
an increase of more than 43,000 acres to the area of woodland. In addition, 
woodland plantings were completed on 21,121 acres, and forest stand 
improvement was demonstrated on 22,609 acres. Eleven hundred thirteen 
miles of fence were built, chiefly for the purpose of excluding grazing from 
farm woodlots. Plantings for the benefit of wildlife covered 3,372 acres. 

Nearly 13,000 acres of pasture had been retired to other uses. The 
area in permanent hay had been increased from 16,000 to more than 
45,000 acres. Approximately 37,000 acres of pasture and meadow had 
been treated with lime and fertilizer and reseeded to grass and legumes 
where necessary. An area of three thousand acres was contour-furrowed. 

The introduction and demonstration of contour farming in its dif- 
ferent forms is one of the chief features of the program in the Northeastern 
region. This practice was practically unknown until 1934, when the 
demonstration work of the Soil Conservation Service (then known as the 
Soil Erosion Service) began. Now, nearly 75,000 acres are cultivated on 
the contour. Strip cropping is practiced on virtually the same acreage. 
Contour planting of orchards was practically unknown, but some 200 
acres of new orchards have been planted in this way since the system was 
first demonstrated in the Blue Ridge fruit belt of southern Pennsylvania 
and western Maryland in 1935 (Fig. 266). 
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Terracing was not practiced in the region before 1934, but nearly 
2,000 acres had been protected by 157 miles of these structures by 1938 
(Fig. S67). The use of diversion ditches to intercept and carry away 



Fig. 266. — Young peach orchard, 1938, planted on the contour in 1936 under the 
demonstration of the SCS, Adams County, Pennsylvania. Cover crop of rye disked in. 
{Photograph by Soil Conaervation Service.) 



Fig. 267. — Diversion terrace, Harford County, Maryland, strip cropped with barley above 
and below terrace. {Photograph by Soil Conservation Service.) 


excessive accumulation of water on long, erodible slopes was being 
demonstrated by 250 miles of such structures. Forty miles of outlet 
channels for disposing of water from terraces and diversion ditches had 
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been constructed. The practical efficiency of gully-control measures was 
being demonstrated by 2,000 permanent and 13,000 temporary gully- 
control structures and by the sloping and seeding of 765,000 square 
yards of gully banks. Stream-channel and stream-bank improvements 
had been made along 272,000 linear-feet of streams, where floods seriously 
endangered or partly destroyed valuable bottomlands in the past. 

As a result of the interest aroused by these demonstrations, three 
states in the region already have passed soil conservation districts acts, 
and a number of districts have been established. Thus, within 3 years 
from the inception of work in the Northeastern region, the soil con- 
servation program began to pass from the government demonstration 
stage to large-scale district programs, legally constituted and governed 
through community action. 

Work of Other Agencies 

Other agencies than the Soil Conservation Service have had a part in 
furthering soil and water conservation in this region. The Forest Service 
is one. National forests comprise over 3 million acres in Maine, New 
Hampshire, Vermont, Pennsylvania, Virginia, and West Virginia. 
Within these areas, the standard practices and regulations of the Forest 
Service with regard to forest protection and soil and water conservation 
are being applied. In addition, the 12 states in the region have set aside 
state forest tracts aggregating nearly 5 million acres. Still other lands 
have been included in state and municipal parks. Their protection repre- 
sents a valuable contribution to soil and water conservation. 

Some of the states have provided for the gradual acquisition and 
conversion of marginal and submarginal farm lands for purposes of 
reforestation and recreation. Part of the land so acquired is replanted 
to trees; part is already wooded; and part is allowed to revert naturally 
to a wild state. A natural or voluntary cover of trees, brush, and other 
vegetation aids in the stabilization of soil and the conservation of water 
in headwater areas. 

It is estimated that some 37 million acres of wooded land in the 
region is privately owned, in addition to some 20 million acres classed as 
woodlands in farms. Some of this privately owned woodland is being care- 
fully and systematically used to perpetuate the stand. Much of it, 
however, is being cut over for various lumbering purposes, without 
adequate provision for fire protection and other good forestry practices 
such as should aid in the control of erosion and floods. 

Provisions of the Agricultural Conservation Program of the AAA 
have encouraged the use of many of the practices that have been found 
effective in soil and water conservation. In every state in the region, 
AAA payments are made for the improvement of meadows and pastures 
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by llmingi fertilization, and seeding. The ase of cover crops is encour- 
aged. Woodland management for the improvement of stand, the exclusion 
of grazing from farm woodlots, and planting of forest trees are included 
in the program. In several states, provision is made for replanting steep 
slopes to trees. Strip cropping and contour cultivation have been set up 
as standard practices in New Hampshire and Nevr York. Contour furrow- 
ing in pastures is an approved practice in Pennsylvania. Terracing is 
specially included as a part of the program in Delaware and Pennsylvania. 

All these practices a.ssist materially in soil and w^ater conservation, 
although when used separately they fall short of a complete, effective 
treatment of the individual farm. 

Floods 

The principal rivers have their head'waters in the Appalachian 
region. Those forming in the more mountainous sections originate chiefly 
in forested territory, although some of the tributaries and parts of the 
trunk channels flow through cultivated valleys. The Merrimac, Connecti- 
cut, and Delaware Rivers are examples. The north and west branches of 
the Susquehanna and the Juniata River rise in localities partly forested 
and partly cultivated. The Allegheny, Monongahela, Cheat, Great 
Kanawha, Little Kanawha, and Big Sandy Rivers of the upper Ohio 
drainage originate in country that is largely forested but flow through 
areas encompassing much farm land. 

Flood damage in the Northeast has been most spectacular along the 
trunk streams. The total damage caused by these big river floods, how- 
ever, may be less than that caused by the more frequent overflows 
every year along the numerous tributaries. These tributaries, frequently 
overflowing their alluvial plains, cut neiv channels and deposit worthless 
sand, gravel, and inferior subsoil material in countless places, thus dam- 
aging, annually, a large aggregate body of the most productive agricul- 
tural land in the region. General adoption of erosion-control and 
water-conservation practices on upstream lands needing treatment would 
give some degree of protection to downstream areas. 

Economic and Social Implications 

The area of land in farms in the Northeastern region increased until 
about 1880. Since that time, a gradual and rather general decrease has 
ensued. A considerable part of this reduction may be charged to changing 
economic conditions and to the shifting of the agricultural population to 
Western lands. Part of it is due to the concentration of agriculture on 
lands capable of intensive cultivation to specialty crops and in localities 
near metropolitan markets. But an important part of the decrease must 
be attributed to decreased productivity of sloping lands (Fig. 268). This 
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impaired capacity to produce is due chiefly to long-continued and unrec- 
ognized sheet erosion, frequently accompanied in its later stages by 
gullying. The extent and rate of such soil losses have been widely ob- 
served and accurately measured only within recent years. Yet the 
accumulation of soil materials on the uphill sides of stone fences and 
hedgerows, the removal of soil from orchards and vineyards, and the 
increasing number and extent of areas where raw subsoil clay is exposed 
in sloping fields all bear evidence to the cumulative effect of soil erosion. 
Because of lowered soil productivity, the area of land that can be farmed 
successfully has been reduced. Hundreds of thousands of acres of farm 



Fig. 268 . — Farm completely abandoned as result of erosion. Steuben County, New York. 
{Photograph hy Soil Conservation Service.) 


land now classed as marginal or submarginal are testimony to the com- 
bined effects of soil erosion and adverse economic conditions. 

The preservation of the better farm lands from further decline or 
ruin by erosion constitutes a major problem of the region, affecting not 
only the men who till the land but the people of the cities who depend to 
an important degree on the farms of the Northeast for dairy products, 
fruits, and vegetables. 

Each interruption in the steady flow of food products from farm to city 
market, whether caused by deep winter snows or by floods, emphasizes 
the necessity of preserving the soil resources of the region. Protection of 
the intensively farmed areas is imperative, not only because of their 
importance to those living on the land but because so many local com- 
munities depend to such a large degree on the welfare of the agricultural 
population. Soil conservation is required on a large area of farm land 
to prevent its slipping across the border from agricultural occupation to 
a condition of marginality or abandonment. Over the greater part of the 
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region, proper methods of soil and water conservation are still capable 
of maintaining and improving the productive capacity of the agri- 
cultural land. 


Piedmont Plateau 

The northtTii Piedmont Plateau, with an area of some million 
acres, extends from the Potomac River northeasterly to the St. Croix 
River, 'which forms the boundary between southeastern Maine and New 
Brunswick. Prom the Potomac to Raritan Bay, in New Jersey, its east- 
ward margin is overlapped by sedimentary deposits of the coastal plain. 
This outer border varies in elevation from a few to about 200 feet above 
sea level. Practically the entire New England sector borders Long Island 
Sound or the Atlantic Ocean. The inner boundary contacts the Appa- 
lachian ridges at elevations rising locally to about 1,000 feet, but the 
line of demarcation is indefinite in many places. A number of ridges and 
many isolated hills rise above the general level of the Plateau. The sur- 
face is rolling to hilly and is crossed throughout its extent by the major 
stream drainages of the Northeastern States. Numerous tributary 
streams have cut the surface into an intricate pattern of rolling hills 
and comparatively narrow valleys. 

In general, the soils of the southerly sector of the northern Piedmont 
are derived directly from the underlying crystalline rocks, including 
granites, gneisses, schists, slates, and basic intrusives, and from the 
sandstones and shales of the Triassic basins of Maryland, Pennsylvania, 
central New Jersey, and the lower Connecticut Valley. They range from 
sandy loams to clay loams in texture. All of these soils are utilized almost 
to the limit of arability by a general type of agriculture. Forests are 
confined chiefly to the rougher and more stony parts of the Plateau. 
Corn, tobacco, potatoes, wheat, and hay constitute the most important 
crops, with small areas of pasture on nearly every farm. 

The principal soil types are loam and clay loam of the light brownish 
Chester group, derived from granitic rocks; loam and silt loam of the 
purplish-red Penn group, derived from Triassic sandstone and shale; and 
red clay loam of the Montalto group, from basic igneous rocks. All these 
are moderately productive. They are gently rolling to rolling or hilly 
and usually of rounded configuration. On slopes greater than 2 or S per 
cent, they are subject to erosion in unprotected fields, especially where 
crop rows follow the direction of slope rather than the contour. Many of 
the steeper slopes have been stripped of surface soil by sheet washing, 
and a considerable area has been affected by gullying. 

The northern extension of the area is more rolling and hilly, and the 
soils have been formed from glacial, material derived largely from the 
underlying rocks, with some contribution of material from outside areas. 
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The soils consist principally of sandy loams, gravelly loams, and loams, 
with numerous stony areas, some very rough. Gloucester and Troy are 
the principal soil groups. Because of their relatively high porosity, due 
to rather high content of rock fragments, erosion of these soils is not so 
severe as on the soils of the southerly sector of the northern Piedmont. 
Locally, however, many areas are susceptible to serious washing. Even 
the gently sloping loams and fine sandy loams of the Connecticut Valley 
wash seriously during heavy rains (Fig. ^69). 



Rig. 269. — Erosion of bare field by rain preceding and accompanying hurricane of Septem- 
ber 21, 1938, near Rockville, Connecticut. (Photograph by 8oil Conservation Service,) 

Only the smoother, less stony lands are cultivated. A large part of the 
area remains in forest. The smooth stream terraces or intervales are the 
best and most intensively farmed areas. 

Appalachian Mountains and Valleys 

Immediately to the west of the Piedmont are the Appalachian ranges 
and their valleys. The great mountain masses of the Adirondacks in New 
York and the White-Green Mountains of New Hampshire, Vermont, 
and western Maine, together with the higher ridges of northern New 
Jersey and those along the New York-New England line, rise to eleva- 
tions ranging from about ^,000 to a maximum of 6,^98 feet (Mt. Wash- 
ington, New Hampshire) above sea level. Because of elevation, latitude, 
rugged topography, and rocky surface conditions, agriculture is not ex- 
tensive. Large tracts are occupied by national and state forests and state 



NOKTHERN APPALACHIAN AND NEW ENGLAND 673 


parks. Farming is confined to tlie gentler, lower slopes and consists 
chiefly of dairying, wdtli some localized potato production. This area 
includes approximately 39 million acres. 

From northern New Jersey southwest ward through central Penn- 
sylvania, west-central Maryland, and eastern West Virginia, the Appa- 
lachian region consists of high, nearly parallel or interlocking mountain 
ranges, with deep valleys. 

The ridges rise to extreme elevations of from 2,500 to 3,000 feet and 
overtop the enclosed valleys by elevations of 500 to 1,200 feet. These 
ridges are steeply sloping and prevailingly rocky and rough. Conse- 
sequently, only small tracts of the dominant loam and silt loam soils 
have been used for agricultural purposes. The remainder is covered chiefly 
by brush or timber. 

The floors of the valleys, whose soils are derived from limestone, shale, 
and sandstone, are generally rolling and rather deeply cut by the main 
streams crossing them as well as by some of the local tributaries. These 
valleys have long been used for a type of general farming that includes 
the production of corn, wheat, oats, and hay. Many farms support a mixed 
dairy- and beef-cattle industry. The limestone soils of the main Appala- 
chian Valley, as well as a large number of smaller valleys, are among the 
most productive in the Northeastern States. Some of them have sustained 
a high type of general farming for more than 200 years. 

The principal limestone soils — Hagerstowm silt loam and loam — 
are naturally highly productive. Unfortunately, they are subject to im- 
poverishing erosion on all unprotected slopes. Already, many fields and 
parts of fields have been changed from silt loam or loam to less productive 
clay loam. Erosion is also active on the cultivated sandstone and shale 
soils of the mountains and ridges — principally the Dekalb and Berks 
shale loams. These are shallow soils, -which too frequently are cultivated 
on slopes entirely too steep to avoid destructive washing. In all instances, 
careful defense measures must be used if these mountain and sloping 
valley lands are to be preserved. 

AppalacMan Plateau 

The northern extension of the Appalachian Plateau stretches from the 
southwestern boundaries of West Virginia and southern Ohio in a north- 
easterly direction through Pennsylvania to the Adirondack Uplift in 
northern New York. Its eastern boundary, known throughout a con- 
siderable part of its extent as the Allegheny Fronts rises to elevations of 
2,500 to 4,000 feet above sea level, overlooking the mountain ridges and 
valleys on the East. Throughout West Virginia and western Penn- 
sylvania, the Plateau slopes toward the valleys of the Ohio and Allegheny 
Rivers, its low elevation of about 600 feet occurring near the mouth of 
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the Big Sandy Biver, near Huntington, W. Va. The section in south- 
eastern Ohio also slopes gradually, both east and west, from a maximum 
elevation of about 1,300 feet. The northern part of the Plateau, which 
extends from the Catskill Mountains westward to Lake Erie, slopes from 
elevations of about S,500 to less than 200 feet along the St. Lawrence 
Biver. Several distinct subdivisions of this northerly sector of the Pied- 
mont are described below. The northern Plateau in its entirety comprises 
approximately 65 million acres. 

Allegheny-Ohio Section 

The more southerly part of the Allegheny-Ohio section is rolling to 
hilly along the Ohio Biver and its smaller tributaries. The higher country 
presents more of a true plateau aspect, although it is deeply cut by such 
major streams as the Allegheny, Monongahela, and Kanawha. At the 
higher elevations along the eastern and northern boundaries of this 
section of the northern x^ppalachian Plateau, much of the country is 
forested or grown up to second-growth timber and brush. Locally, in the 
vicinity of coal mines and industrial centers, dairying, potato growing, 
and subsistence farming have given rise to considerable agricultural 
development. 

In a broad belt along the Ohio River and its principal tributaries in 
West Virginia, western Pennsylvania, and southeastern Ohio, most of the 
land is rolling to hilly. Much of it is used for corn, oats, wheat, hay, and 
pasture, with local areas devoted to vegetables for the industrial centers. 
The soils consist chiefly of silt loams, loams, and clay loams derived from 
the underlying sandstone and shale, with an intermixture of limestone 
in the Ohio Valley. The principal groups are the Muskingum, Westmore- 
land, Meigs, and Upshur. 

Thousands of people in this area combine some farming with work in 
the mines or industrial plants. The continuing ability of this land to help 
support the population depends to a considerable degree on effectively 
checking soil erosion. Farming, to be conducted at all, must in many 
instances be done on slopes in excess of 10 per cent. Severe sheet erosion 
and a considerable amount of gullying already have occurred. To insure 
permanency of agriculture in this dairying and general farming area, soil 
and water conservation measures are greatly needed. Chief among these 
is contour strip cropping of all cultivated sloping land. This should be 
supplemented by diversion terraces as required. Land steeper than about 
15 per cent should not be cultivated, and slopes in excess of 25 per cent 
should be retired to woodland. Intermediate slopes should be used for 
pasture, and the pastures improved to provide better grazing as well as 
better protection against sheet washing. Contour furrowing in steep 
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pastures is needed to save soil and to retain moisture in the soil as a 
reserve against midsimimer periods of low rainfall. Gullies should be 
controlled by temporary and permanent check dams. 

The Moimdsville, W. Va., demonstration project, located in the pan- 
handle of West Virginia, illustrates how soil and water conservation prac- 
tices can be used on the highly dissected terrain of the Allegheny- Ohio 
section of the Appalachian Plateau. 

Here, the principal soils are Westmoreland silt loam and gravelly silt 
loam, derived from interbedded sandstone, shale, and limestone of the 
Coal Measures. They are well drained, except for occasional seepy spots. 
Although the soil mantle is normally shallow, natural productivity is 
comparatively high. Topographic features are very irregular. Most of the 
land is steep, slopes ranging from to 40 per cent or more over about 
t'wo-thirds of the project area and from 15 to 25 per cent over about 30 
per cent of the area. The valleys are V-shaped, with narrow flood plains 
along the streams. The lower slopes, usually representing the steeper 
areas, are mainly wooded. Concentration of farming on ridge crests gives 
the landscape a striking feature. 

Dairying is practiced extensively, and the Westmoreland soils are well 
suited to this type of farming, which is so largely dependent on pasture 
and the production of hay. Favorable local markets for dairy products 
are provided by the cities along the Ohio River, near the project. 

Forty per cent of the area was under crops at the time work began; 
30 per cent was occupied by pastures; 24 per cent was wooded; and 6 per 
cent was idle or in urban or miscellaneous occupancy. 

Sheet erosion had severely damaged about 10 per cent of the area, 
and moderate to severe sheet erosion was found on an additional 88 per 
cent. Thus, approximately 93 per cent of the land had been seriously 
affected by soil losses. In addition, gullying was found on 2.8 per cent 
of the area, and slides on 16 per cent. 

Sheet washing had removed so much of the topsoil from many farms 
that they could not be cultivated profitably. A considerable acreage of 
formerly tilled land has been turned back to pasture or brush within the 
past 15 years. To replace this land, additional areas of pasture and wood- 
land have been brought into cultivation. This process of shifting land use 
exposes additional land, most of which is less resistant to washing than 
the ‘‘f armed-out’’ tracts were originally. 

Soil slips or landslides are a characteristic feature on the Westmore- 
land and associated soils of West Virginia, southwestern Pennsylvania, 
and southeastern Ohio. These displacements occur on moderate to steep 
slopes, irrespective of cover. During protracted rains, great masses of 
waterlogged soil slide and flow downhill, exposing raw subsoil and form- 
ing mounds, ridges, and benches where the soil piles up along the lower 
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part of the slip. These conditions frequently result in accelerated runofiE 
and gullying and usually make cultivation impracticable. 

A variety of defense measures have been found necessary for effective 
erosion control in this part of the Appalachian Plateau. Woodlands must 
be protected from fire and overgrazing. Steeper lands of high erodibility 
must be replanted to trees or retired to permanent pasture. Pastures, 
thinned of grass and eroded because of overuse and neglect, require 
improvement by liming, fertilizing, reseeding, and better grazing man- 



Fig. 270. — Soil and water conserved by contour furrows, in a West Virginia pasture. 
{Photograph by Soil Conservation Service.) 


agement as well as moisture conservation by contour furrowing (Pig. 
^ 70 ). 

Contour strip cropping is proving one of the most effective and 
popular methods of soil defense, because it permits the cultivation of 
steep land with a minimum of soil and water losses. Supplementary 
measures that have proved their worth are (1) long crop rotations which 
permit a considerable part of the land to remain in grass cover, (£) diver- 
sion ditches, and (3) permanent strips of sod. Alfalfa, on suitable soils, 
is helping considerably. 

These and other conservation measures, with only minor modifica- 
tions, are applicable to a broad belt, at least £00 miles wide, along both 
sides of the Ohio River from Pittsburgh to the mouth of the Scioto River. 

Delaware-Sitsquehanna Section 

That part of the Appalachian Plateau north of the glacial line in 
Pennsylvania, together with most of the New York portion of the 
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Plateau, constitutes the Delaware-Susquehanna section. This area is 
characterized by rolling to nearly level plateau country, deeply cut by 
the headwaters of the Delaware River, the north branch of the Susque- 
hanna, the Genesee, and some of the tributaries of the Allegheny. Long, 
moderate to steep slopes separate the general upland level from the 
stream bottoms or benches (Fig. 271) . The soils have been formed from 
shallow glacial till derived from sandstone and shale. They are prev- 
alently loams and silt loams of the Lordstown, Canfield, Volusia, and 
associated series, usually containing a high percentage of a platy sand- 
stone or shale chips. At the higher elevations, quite extensive tracts are 



Pig. 271. — Pattern of farming in hill country of west-central New York. East side Cohod 
Valley, Steuben County. {Photograph by Soil Conservation Serviice) 


marked by the occurrence of a distinct claypan at depths ranging from 
about 3 to 18 inches below the surface. They are also distinctly acid. 
On the steeper slopes, the soils consist of stony loams of depth frequently 
less than 2 feet to shale or sandstone. Erosion is serious on much of the 
cultivated land. On the more gentle slopes, various soils, chiefly stony 
and gravelly loams, are derived principally from glacial till having a 
depth ranging from about 3 to 150 feet in extreme cases. The outwash 
soils of the valleys are usually gravelly loams or loams at the higher 
levels and sandy loams, loams, or silt loams within present range of 
annual or occasional overflow. Swampy areas, caused by inadequate 
outlets or overflow, occur both on the top of the Plateau and in the 
larger valleys. 

Abundant precipitation and a short growing season have favored the 
development of dairying as the principal type of agriculture. On the 
majority of farms, the rougher land remains in woodlots; steeply sloping 
areas are held in permanent pasture; and the arable land is used for corn. 
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potatoes, oats, and hay. At the higher elevations and on poorly drained 
lands, buckwheat is the principal cash crop. It is about the only one that 
can be matured in the short growing season. 

The Cohocton River demonstration project, within the watershed 
of Cohocton River, near Bath, N. Y., comprises about 152,000 acres. 
The northern part has a large area of well-drained land, much of which 
is intensively used for potatoes. The southern part, with a larger pro- 
portion of imperfectly drained land, is devoted almost entirely to dairy- 
ing, and much more grass is grown here. Thus, the project embraces 
types of agriculture that are representative, in a general way, of the 
principal farming methods in effect over much of the northern part of 
the Appalachian Plateau. Erosion-control measures employed here are 
applicable to much of this northern sector. 

About half of the project area is devoted to crops, and a fifth to 
woods; the remainder is about equally divided between idle land and 
pasture. 

The soils are largely gravelly silt loams derived from glacial material. 
About a third of the area is covered with soils having a compact, im- 
pervious subsoil which seriously impedes underdrainage. About a sixth 
of the land has bedrock within 3 feet of the surface. Surface soils are 
generally shallow, and soil profiles are imperfectly developed. Except in 
a few instances, weathering has extended downward not more than 
about 30 inches. 

The topography is that of a dissected plateau, with level valley floors 
and long slopes of varying steepness extending up to gently rolling ridge 
tops. About 10 per cent of the land has slopes steeper than 35 per cent. 
At the beginning of work on the Cohocton project, approximately 30 
per cent of the cropland was on slopes steeper than 15 per cent. 

Agricultural settlement began about 150 years ago, and much of the 
land has been farmed for at least 100 years. The rectangular system of 
land lines, with fences running according to the compass, rather than 
slope contour, has resulted in considerable off-contour cultivation as 
well as destructive concentration and rapid discharge of water from the 
lower sides of fields. Shallow spring thawing of bare topsoil over frozen 
subsoil favors severe sheet washing at this time of the year. Frequent and 
intense thunderstorms during the summer cause considerable gullying, 
with attendant sheet erosion in most of the cultivated fields. 

According to a survey made in 1935 and 1936, very little land had 
been completely ruined by erosion at that time. Forty-five per cent of the 
area had suffered moderate sheet erosion, and 12 per cent had been 
severely washed. About 10 per cent had suffered from gullying, part of 
it to such a degree that cultivation was restricted on some farms by 
gullies less than 100 feet apart. Some lower slopes and stream bottoms 






Fig. £72. — Above, steep hillside of formerly productive land, reduced to a condition of 
general crop failure by erosion, west-central New York, 1935. Below, same farm stabilised 
and improved by rotation strip cropping, 1938. (PhotogTCfphs by Soil Consorvctiion Service,^ 
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had suffered by deposition of gravel and poor subsoil material washed 
out of gullies. 

A considerable part of the area is in grass and trees that afford con- 
siderable protection against erosion. In spite of the ease with which 
vegetative methods of controlling erosion can be established, only three 
or four farmers were making a conscious effort to utilize such methods 
prior to the beginning of the project in 1935. They were using strip 
cropping with good success, except in one instance where improper 
selection and rotation of crops resulted in failure (Fig. Few instances 
were observed where eroding waterways across fields were protected with 
permanent sod. Many of the long slopes are fairly regular and admirably 
suited to contour tillage, but the practice was not being followed. A 
few of the steeper slopes were being cultivated approximately on the 
contour. 

Generally, the defense measures adopted for this project have em- 
.phasized the use of permanent close-growing cover for the steepest, most 
erodible land; the employment of proper agronomic and engineering 
practices on cultivated slopes; and the closing of gullies. Retirement of 
highly erodible land to permanent cover has called for the planting of 
trees and shrubs suitable for wildlife feed and cover; the establish- 
ment of grass; and improvement of old pastures by reseeding, fertilizing, 
and liming, Woodlots have been improved; pastures containing droughty 
soils have been contour-furrowed for conservation of rainfall; and long- 
time meadows including alfalfa have been established. 

The control measures adopted for sloping cultivated lands represent 
a judicious combination of agronomic and engineering practices. The 
former include the use of a good crop rotation, contour tillage, strip 
cropping on the contour, sodded waterways, and winter cover crops. 
Engineering structures include diversion ditches to break the off-flowage 
on long slopes and to remove excess water from soils with impervious 
claypan subsoil; and some field terraces. Gullies are controlled by plant- 
ing erosion-resistant vegetation on the banks, by using dams or other 
structures where needed, and by diverting water where practicable. 

In the three years prior to Apr. 1, 1938, the 335 cooperating farmers, 
operating 43,000 acres, adopted a variety of erosion-control practices 
that have resulted in a reduction of 1,300 acres in the area devoted to 
clean-tilled crops, the improvement of 1,400 acres of pasture, and the 
introduction of contour strip cropping on 11,000 acres. Approximately 
2,600 acres of steeply sloping and rocky lands have been planted to trees 
and shrubs, and 11,000 acres of farm woodlots have been placed under 
improved management. Many miles of diversion ditches have been con- 
structed to stabilize gully heads and protect long cultivated slopes. 
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Finger Lakes-Mohawk Section 

From the vicinity of Utica westward to Buffalo lies the rolling to 
hilly Finger Lake-Mohawk country. Its southern boundary follows an 
extremely irregular line south of the Finger Lakes of central and western 
New York, at elevations between 500 and 1,000 feet. The northern 
boundary, at 300 to 500 feet above sea level, parallels the southern shore 
of Lake Ontario from the vicinity of Oswego, N, Y., almost to Lake Erie. 
The surface is extremely varied, ranging from hilly and rolling to nearly 
level, with many abrupt descents to the numerous lakes and drainage- 
ways (Fig. 273). 



Fig, 273, — Characteristic steep lake border topography, Keuka Lake, New York. {Photch 
graph by Soil Consermtion Serviee.) 


The soils prevalently consist of loams and clay loams containing 
varying amounts of stone and gravel. They are principally of glacial 
origin, although small areas of primary soil derived from local limestones 
and calcareous shales are found within the area. The principal series are 
the Honeoye and Ontario. 

The excellent productivity of much of the land, together with the 
good transportation facilities and proximity to industrial centers, has 
prompted the development of a high type of general farming over the 
greater part of the area. Corn, beans, wheat, oats, alfalfa, and mixed hay 
constitute the principal crops. A vineyard industry of considerable mag- 
nitude has been established in the Finger Lakes region. Apple orcharding 
is also important over many parts of the area. 

Erosion is serious, locally, on sloping cultivated lands where contour 
tillage is not practiced. 
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Eastern Great Lakes-St. Lawrence Section 

The Eastern Great Lakes area comprises a narrow strip through 
northeastern New York along the southern shore of Lake Erie. Eastward, 
this is succeeded by a broader plain, which skirts the south shores of 
Lake Ontario and the St. Lawrence River to the Champlain Valley, where 
it extends southward to and along the upper Hudson River as far as the 
mouth of the Mohawk. Its elevation is never higher than 600 feet, the 
greater part being only about 250 to 350 feet above sea level. The surface 
is dominantly gently rolling to nearly level. It is crossed by many streams 
directly tributary to the Great Lakes and St. Lawrence drainage, some of 
which have cut deep channels, although many of them flow through 
nearly level, somewhat swampy bottomlands. 

The soils of the western part of the area, from Oswego, N. Y., to 
Ashtabula, Ohio, consist chiefly of sands, sandy loams, loams, and stony 
loams, largely derived from glacial lake material. Extensive bodies of 
calcareouj^^till have given rise to loam and silt loam soils. 

Along the St. Lawrence River and in the Champlain Valley, consider- 
able level and undulating land is imperfectly drained. The principal soils 
are derived from water-laid deposits and consist of dark silty loam over- 
lying stiff, gray clay loam or clay. 

The western sector supports a diversified agriculture, with orchard and 
vineyard crops dominating. Apples, peaches, pears, and grapes are the 
most prominent fruit crops. Vegetables for direct marketing and for 
canning are produced extensively. Corn, wheat, and hay are important 
crops. In the St. Lawrence-Champlain area, oats and hay are the prin- 
cipal crops, with corn and potatoes grown to some extent. 

In this area erosion is of local importance only. 

Aroostook Section 

The Aroostook Area occupies the northeastern part of Maine. It is 
characterized by a gently rolling to hilly surface with moderate slopes. 
The principal soil is a mellow silty loam derived from material formed by 
glaciation of the underlying calcareous shales and sandstones (Caribou 
loam). Favorable soil and climatic conditions account for the extensive 
production of potatoes. As large an area as possible is planted to the crop 
every year. Heavy fertilization and intensive cultivation are depended 
on to maintain yields. 

Intensive cultivation of the largest possible acreage to potatoes makes 
the Aroostook section of Maine a special problem area. The loamy soil, 
occupying slopes up to 15 per cent, is subject to severe erosion on the 
steeper land. Broad-based terraces are being used effectively to reduce 
soil loss without reducing the area to be planted. Strips of sod on the 
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contour and contour cultivation materially supplement the efficiency 
of terraces. 

The Presque Isle, Maine, project, covering approximately 36,300 
acres, is located in the potato district of Aroostook County, The nature of 
the soil and the cropping practices in this potato-growing area present a 
serious problem of soil conservation. 

The soils have been formed by weathering of glacial till composed 
largely of material derived from shaly limestone. For the most part, they 
are well-drained, friable, and open and have an acid reaction near the 
surface. Loam and shale loam predominate. They are characteristically 
shallow, overlying un weathered till at depths of 18 to 24 inches. 

The land is undulating to strongly rolling, with generally long, fairly 
uniform slopes. Here and there, abrupt slopes and limestone outcrops 
make cultivation difficult, but most of the land is easily cultivable. Most 
slopes having a gradient of 20 per cent or more are in woods, small pas- 
tures, or idle. The gentler slopes, ranging from about 5 to 10 per cent, 
are more extensive, especially back from the Aroostook River and through 
the central and southern portions of the project area. 

Estimates of land use, in percentage of the area, are as follows: 
potatoes, 30; hay, 25; oats, clover, and barley, 20; pasture, 8; forest 
and waste land, 17. 

The growing of potatoes is highly specialized, and the returns from 
this crop represent the chief cash income of farmers. Scientific measures 
of fertilization, seed selection, and disease control are in general use, and 
modern implements are employed. Because of the short growing season, 
potatoes are planted as soon as the soil is in condition, and harvesting is 
so late in the fall that it is difficult to establish a winter cover crop after- 
ward. Fertilizers have aided in the maintenance of yields where erosion 
has not been too active. It is generally recognized that the soil supply of 
organic matter must be kept up if good crops of good quality are to be 
grown. The better farmers are using more organic matter; but in too 
many instances, potatoes are planted year after year in the same fields 
with no addition of organic matter. 

Such crops as hay and the small grains are not generally considered by 
the farmers to have great importance in the farm economy. 

Most of the cultivated land has been damaged in some degree by 
erosion or by deposition of eroded material. Most of the soil loss is from 
potato fields. Where rows run directly up and down the slope, the de- 
pression between the ridges deepens quickly and readily during heavy 
rains. Serious sheet washing takes place after the potato harvest on 
sloping land permitted to remain uncovered. Snow protects the land in 
winter, but much washing takes place in spring before small grain or 
crimson clover becomes well enough established to afford proper pro- 
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lection. Fields used consecutively for potatoes have no protection, of 
course, during these critical periods. 

Deep gullies sometimes form during heavy summer rainstorms; but 
since they interfere with cultivation and the use of spraying equipment, 
they usually are filled in promptly. As a result, gully erosion is not 
readily apparent except on neglected farms. Gullies not filled in or con- 
trolled with vegetation or other measures soon cut down to bedrock 



Fig. 274.^ — Contour cultivation and a sodded waterway to control erosion in Maine potato 
district. {Photograph hy Soil Conservation Service.) 


beneath the till. Some of these are 6 to 10 feet deep; a few feet deep 
have been observed. 

Since the establishment of the project in April, 1936, cooperative 
work has been carried on with 66 farmers, operating nearly 10,000 acres. 
Various measures, such as contour cultivation, terracing, strip cropping, 
pasture improvement, and water diversion (Fig. ^74), are being employed 
effectively. The steeper lands are being retired to protective plantings; 
rotations are being improved; gullies controlled; and water outlets 
installed. 





Chapter XXXIII. Central Prairie and 
Eastern Timbered Border Region 


The Central Prairie and Eastern Timbered Border region includes all 
of Michigan, Minnesota, Wisconsin, and Iowa; nearly all of Illinois and 
Indiana; about two-thirds of Ohio; approximately the northern half of 
Missouri; the eastern half of Kansas; the eastern third of Nebraska; part 
of northeastern Oklahoma; and a relatively narrow strip across the east- 
ern edges of North and South Dakota (Map 10). In its broadest dimen- 
sions, this complicated region extends southward from the Canadian 
boundary about 950 miles to the Ozark Highlands in northeastern 
Oklahoma and from the Great Plains in east-central Nebraska some 
950 miles eastward to the Northern Appalachians in northwestern 
Pennsylvania. It comprises an area of approximately 288 million acres 
and supports a dense population. A vast network of railways and high- 
ways crosses it to connect all sections with industrial and commercial 
centers, and an enormous commerce has been established on the Great 
Lakes, 

Broadly, the region embraces the lower part of the floor of the upper 
Mississippi Basin east of the Plains. The central and western parts are 
prevailingly prairie country, but a large area along the northerly and 
easterly borders originally was timbered. Predominantly, the region is a 
nearly level to undulating or rolling plain. Over the smoother terrain, the 
slopes seldom exceed 4 or 5 per cent; but over the more rolling or hillocky 
morainic portion, gradients often reach 8 to 10 per cent, and locally 15 
to 20 per cent. The prevailing surface of the old lacustrine deposits and 
the alluvial terraces and flood plains is nearly level, or rarely steeper than 
one-half of 1 per cent. Over much of the upper lake region and in the 
territory adjacent to the Appalachian Highlands on the east and south- 
east, the topography ranges from rolling to hilly. The larger streams 
usually are bordered with strips of rolling to broken or hilly country, 
with many slopes too steep for cultivation. The average elevations above 
sea level range from about 500 feet in the south to 1,000 feet or more in 
the north. Drainage of the upland soils is generally well established, 
except in some of the nearly level bodies, such as the claypan soils (Put- 
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nam) and the heavier types of prairie (as the Webster soils of Iowa). 
The drainage of much of these level to slightly depressed areas has been 
improved by the establishment of artificial outlets. About 60 per cent of 
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Map 10. — Problem area of the Central Prairie and Eastern Timbered Border region. 

(_Soil Conservation Service.) 


the land is under cultivation. In the prairie areas, about 80 per cent is 
cultivated. 

The climate covers wide seasonal extremes of temperature. The 
annual precipitation varies from about SO inches over portions of the 
northwestern section to 45 inches in the more southerly part. Distribu- 
tion is fairly uniform throughout the growing season. Spring rains are 
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often heavy when the ground cover is sparse, resulting in large runoff 
and much erosion on the steeper lands. The average growing season 
ranges from about 180 days in the southern part to 110 days in the 
northern part. 

The soils of the region include a variety of loams, silt loams, silty 
clay loams, and sandy loams, with considerable deep sand in the (Ireat 
Lakes section. They are derived from glacial till: loess: lake and river 
deposits; and disintegrated shale, sandstone, and limestone. The region 
is divisible into numerous land areas, with more or less common char- 
acteristics with respect to soils, topography, and agricultural adaptations. 

As a rule, the upland soils are absorptive and retentive of moisture, 
rich in organic matter and plant nutrients, well drained, and easy to 
cultivate. Extensive bodies of the more friable, dark-colored loams, 
silt loams, and silty clay loams of both the prairies and the timbered 
areas are among the most productive upland soils of the world. Such 
important soil groups as the Webster, Marshall, Carrington, Clarion, 
and Tama are representative of these highly productive lands, all of 
which are splendidly adapted to corn, soybeans, grass, and other crops. 
Probably 90 per cent of these superior types of farm land is in cultivation, 
devoted mostly to the growing of corn for feeding hogs and cattle. Beef 
cattle are important in the southern and central parts of the region, 
whereas dairying dominates the agriculture of the Lake States. 

Wheat is produced extensively on the better lands of eastern and 
central Kansas and adjacent Oklahoma, such as the Summit and asso- 
ciated soils. Other good soils, such as the Grundy, Shelby, Clinton, and 
Fayette groups, are used extensively for general farming, dairying, and 
the raising of hogs and cattle. 

In the claypan sections, the flat areas are best suited to winter wheat 
and grass, and the more rolling lands to various small grains and grass. 

Of the more rolling lands bordering the streams, about £5 to 30 per 
cent should be retired from clean-tilled crops and used for grass, alfalfa, 
or other protective thick-growdng crops or for trees. About 10 to £5 
per cent of the rolling lands immediately back from the drainages should 
be retired from cultivation. 

Stream bottoms are cultivated extensively throughout the region, 
principally to corn and alfalfa. The better drained loams, silt loams, silty 
clay loams, and some of the clays, of such series as the Wabash, Sarpy, 
Osage, and Verdigris, are highly productive although subject to damage 
by floods and by outwash from the hills. 

The agriculture of the region is based on growing corn, the small 
grains, and hay, including legumes, for sale and for feeding hogs, beef 
cattle, and dairy cows. Localities of limited extent specialize in fruits, 
vegetables, sugar beets, potatoes, and tobacco. 
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Much land is farmed under systems of intensive crop rotation and 
thorough tillage. In some of the corn-hog sections, clean tillage prevails 
in too many sloping fields. Contour tillage is practiced too little over 
most of the region. Per-acre yields have declined in many localities, 
largely because of soil losses and impaired soil structure by sheet erosion. 

Farms, for the most part, vary in size from about 80 to several 
hundred acres, and about 50 per cent are operated by owners. Efficient 
labor is generally available for all needs, and equipment is adequate on 
most farms. 

Nearly all the prairie area, immediately back from comparatively 
narrow strips of rolling land along the drainages, varies from nearly level 
to gently rolling and is admirably suited to the use of any kind of farm 
machinery. Most of the timbered portion is also topographically well 
suited to cultivation, although the erosion hazard is too great for clean 
tillage on the steeper lands. Probably more than 80 per cent of the land 
is easily cultivable. However, in spite of the prevailingly smooth surface, 
about 60 per cent of the entire area slopes sufficiently to make erosion a 
definite problem under conditions of clean-tillage farming. Nearly half 
of this erodible area already has suffered from moderate to severe washing, 
and numerous areas have lost nearly all of the topsoil; many individual 
tracts have become so badly gullied that further cultivation is imprac- 
ticable. Sheet washing is far more prevalent than gullying, although 
some of the more rolling sections, particularly where comparatively 
shallow soil overlies stiff clay subsoil, are gullied very seriously. V-shaped 
gullies have become almost a characteristic feature of some of the more 
rolling localities, as in many of the areas of Shelby and Lindley soils in 
north-central and northeastern Missouri and neighboring parts of Iowa. 

Some of the more important areas suffering from erosion, sheet or 
gully washing, or both, are the rolling glaciated lands of northern Missouri, 
southern Iowa, southeastern Nebraska, and northeastern Kansas; the 
unglaciated rolling to hilly country of largely loessial soil bordering the 
lower Missouri and the upper Mississippi Kivers; and the rolling sec- 
tions of claypan soil in southern Illinois, northern Missouri, southeastern 
Kansas, and northeastern Oklahoma. Sheet washing gradually is chang- 
ing more and more of the dark-colored soils of the more rolling corn- 
growing sections of Illinois, Indiana, Iowa, Missouri, eastern Kansas, and 
eastern Nebraska to a light-brown or yellowish-brown color and is 
decreasing crop yields on these extraordinarily productive lands. 

The Soil Conservation Service has installed erosion experiment sta- 
tions in a number of agricultural districts in the region to collect informa- 
tion with respect to rates of erosion and runoff for special groups of 
erodible soils and to work out practical control measures. A large number 
of erosion-control and water-conservation demonstration projects and 
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CCC camps have been strategically placed over the region, where prac- 
tical measures and systems for soil conservation could be applied for the 
benefit of the people of the respective sections. The improved cropping 
systems and land-treatment practices recommended and demonstrated 
are based on experimental research and actual field experience. Legally 
constituted soil conservation districts are now being established in various 
localities, in which the farmers, cooperating with state and Federal 
agencies, wdll work out their own land-use problems. 

The state agricultural experiment stations have contributed much to 
the development of effective conservation measures and practices, such 
as adaptable systems of crop rotation, cover cropping, and soil building. 
In Missouri, the State experiment station has developed an efficient 
method for maintaining a nearly permanent cover for grazing by seeding 
grain on lespedeza without plowing out all of the lespedeza stubble.^ 

Dark Prairie Area 

The Dark Prairie area comprises about 54 million acres in the south- 
ern and southwestern half of Minnesota, the north-central half of Iowa, 
and the central and northern half of Illinois, together with an important 
strip across eastern South Dakota. It is interrupted by a belt of loessial 
deposits bordering the upper Mississippi River. The area includes two 
major divisions: (1) The extensive Mixed Till Plain and (2) the relatively 
small Shale Till Plain, in northeastern Illinois and northwestern Indiana. 

Mixed Till Plain 

Primarily, the area is a smoothly glaciated plain, with portions of the 
surface covered by a thin mantle of loess. Topography ranges from nearly 
level to undulating or gently rolling, and prevailing slopes seldom exceed 
5 per cent, except over the rolling morainic terrain, where 8 to 10 per cent 
slopes are common. Broken to hilly topography is characteristic of many 
narrow strips bordering the major streams, with some slopes ranging 
to a declivity of as much as S5 or 30 per cent. In the broad aspects of 
the area, erosion has not greatly modified surface features; most of the 
streams cross the undulating country in relatively shallow valleys. 

The soils are derived, in the main, from glacial till and loess. They are 
relatively immature and, in general, deep, permeable, and highly pro- 
ductive. Among the principal series derived from glacial material are the 
Carrington, Clarion, Webster, and Dickinson; and of the loessial or partly 
loessial groups, the Tama, Muscatine, and Grundy. The Muscatine and 

^ Etheridge, W. C., and Helm, C. A. Korean Lespedeza in Rotations of Crops and 
Pastures, Missouri Agr. Exper. Sta. Bull. 360; Wheat in Missouri, Missouri Agr. Exper. 
Sta. Bull. 398. Etheridge, W. C., Helm, C. A., and Brown, E. Marion. Winter Barley, a 
New Factor in Missouri Agriculture, Missouri Agr. Exper. Sta. Bull. 353. 
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Webster soils occur on broad, flat plains or in depressions or swales of 
imperfect natural drainage. These are dark-colored soils, often almost 
black; and because of their immaturity, the horizons are not well defined. 
Topsoils are deep and rich in organic matter. The other groups, Carring- 
ton, Clarion, Dickinson, and Tama, are chiefly deep, friable, dark gray- 
ish-brown loams and silt loams. They are well drained, easy to cultivate, 
and very productive. These soils, together with some of the associated 
groups of lesser extent, are among the most productive upland soils of 
the world. 

The average rainfall varies from about inches in the northern part 
of the area to about 40 inches in the southern part, and usually it is well 
distributed over the growing season. Prolonged spring rains and the 
flashy downpours of summer and fall produce serious erosion on the 
sloping areas. Floods of minor importance occur almost yearly over 
the lowlands of some of the larger streams, and serious overflows at rarer 
intervals. Summer drought sometimes does serious damage to crops. 

The predominant type of agriculture is general farming and hog 
raising, with corn, oats, and legumes as the principal cash and feed crops. 
Soybeans are important in the central and southern sections. About 90 
per cent of the land is under cultivation, with a very large proportion 
devoted to intertilled crops. The average-size farm is about 160 acres, 
and about 60 per cent of all farms are operated by the owners. Fre- 
quently, the tenants are good farmers. 

Slight to moderate sheet erosion is general throughout the area, 
except on the level areas and depressions. On much of the more rolling 
land, sheet washing is severe, and gullying locally serious. Clean cultiva- 
tion without regard to the contour is the cause of most of the erosion 
damage. The steeper areas should be retired to close-growing grasses and 
legumes. The general erosion problem calls for an improved soil manage- 
ment system, including such measures as crop rotations, production of 
legumes, liming, contour farming, contour strip cropping, gully control, 
managed grazing, and pasture renovation. The indications are that 
general application of these needed soil- and water-saving practices not 
only will control erosion adequately but will materially reduce the 
hazards of floods and silting of bottomlands, stream channels, stock 
ponds, and large reservoirs. No important economic or social obstacles 
would be encountered by the general adoption of farm programs of this 
character. 

Four demonstration projects for control of erosion and conservation 
of rainfall have been established within the area, in addition to a number 
of CCC projects. Excellent results have been achieved on all of these 
projects, and widespread interest aroused on the part of both cooperating 
and noncooperating farmers. The work has been carried on in coopera- 
tion with interested state agencies. 
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SANGAMON RIVER DEMONSTRATION PROJECT 

Some of the principal measures employed in the control of erosion, 
conservation of rainfall, and reorganization of land use in the Dark Prairie 
area are given for a representative demonstration area in central Illinois. 

The Sangamon River project, located in the vicinity of LeRoy in 
McLean County, Illinois, comprises approximately 150,000 acres and is 
representative of the dark-colored glacial prairie soils of north-central 
Illinois in particular and of a large portion of the Dark Prairie area in a 
general way. The soils are among the most productive of the United 
States, and their defense against deterioration by erosion is of large 
importance to the locality, the state, and the nation. In the prevailing 
system of land use, losses by soil erosion have not been given due con- 
sideration as a production menace. The result has been a marked reduc- 
tion in average crop yields. 

An inventory of physical land conditions within the project area 
reveals the following erosion conditions: TO per cent of the land has lost 
topsoil by erosion in amounts ranging from small quantities to 25 per cent 
of the entire surface layer; 20 per cent has lost from ^5 to 75 per cent of the 
topsoil; and 3 per cent has lost more than 75 per cent of the topsoil and, 
in places, some of the subsoil. 

Formerly, McLean was one of the outstandingly productive Corn Belt 
counties. The people generally believed that the soils represented a 
definitely permanent and productive natural resource. It was not until 
1933 that erosion received serious recognition as a land-depleting prob- 
lem, even though per-acre yields were known to have decreased. The 
type of farming is best described as cash grain. Corn is the principal crop, 
although soybeans and oats are important. About three-fourths of the 
corn produced is shipped out of the area. Farms are operated in rela- 
tively large units through the use of labor-saving machinery. 

The topography is gently undulating to slightly rolling, and drainage 
is generally well established. The predominant soil. Clarion silt loam, is 
a deep, dark-colored prairie type, high in organic matter and very 
productive. 

Many farms are continuing the use of soil-depleting practices, but the 
cooperative soil conservation demonstration has impressed many opera- 
tors with respect to benefits to be derived from the use of conservation 
practices. Natural and economic conditions, coupled with traditional 
farming customs, have operated to retard somewhat the general adoption 
of better land-maintenance methods. Farm lands changed hands in 
McLean County during the boom years at very high prices, frequently 
under heavy encumbrances. About 65 per cent of the farms are tenant 
operated, mostly on a one-year lease. These tenants have been forced to 
devote large acreages to cash crops of corn and soybeans in order to meet 
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the rents and family needs. Many fields have been planted to clean- 
tilled crops so long that their present productivity is very low. On some 
of this depleted land, it is now difficult to produce good crops even of 
neede'd soil-building legumes. 

The erosion-control program has been extended to 576 farms, aggre- 
gating 98,594 acres. Physical surveys were made of the entire area, and 
all programs for individual farms were drawn up by specialists, in 
collaboration with the farmers and on the basis of the facts ascertained 
through the surveys and the work of the State College of Agriculture. 
The following soil-building and conservation measures and practices were 
incorporated in whole or in part in every farm plan: 

1. Rotation of crops to include at least one year of legumes. 

2. Contour tillage and strip cropping. 

3. Location of fences on the contour. 

4. Retirement of severely eroded cropland and steep erodible slopes 
to grasses and legumes. 

5. Pasture improvement by reseeding to grasses and legumes, 
control of grazing, and contour furrowing. 

6. Liming of acid lands. 

7. Terracing of fields having slopes less than 10 per cent. 

8. Installation of terrace outlets and field waterways, stabilized with 
vegetation. 

9. Gully control with check dams, vegetation, and diversion of water 
from the heads. 

10. Stream-bank protection. 

11. Woodland management. 

12. Rehabilitation of wildlife by planting critically erodible areas 
to stabilizing vegetation capable of producing needed food and protective 
cover. 

The following statistics from the farm accounts of 164 operators in the 
project area are indicative of changes in the practices of the cooperating 
farms and of increased financial returns (the list includes 139 cooperators 
and 25 noncooperators) : 


Kind of Crop 

Corn 

Small grain 

Soybeans 

Legume hay and pasture 

Nonlegume hay and pasture. . 

In fallow 

Livestock investment per acre 
Net return per acre 


Per Cent of Farm Area 


Cooperators 

Noncooperators 

46.8 

54.4 

21.7 

26.0 

7.5 

4.2 

10.3 

3.9 

9.7 

10.5 

4.0 

1.0 


6.21 $ 4.34 

17.77 15.79 
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Not only has erosion been largely reduced on the cooperating farms 
but, with the additional moisture stored in the soil, crops have suffered 
much less from the effects of drought. 

Shale Till Plain 

This subdivision of the Dark Prairie area lies immediately back of the 
lacustrine deposits of lower Lake Michigan, in northeastern Illinois and 
adjacent northwestern Indiana. It comprises some 7 million acres. 

Surface relief is undulating to gently rolling. Along some of the streams 
and on the moraines, the topography is locally rollmg. Gravelly and sandy 
hills and ridges occur in some localities. The annual precipitation of about 
36 inches is fairly well distributed. 

The soils are derived largely from glacial till and assorted glacial out- 
wash material. The till consists of grayish, compact, plastic material, 
almost free of pebbles. It is derived largely from the Maquoketa shale 
formation, which lies immediately to the northeast of the area and over 
which the ice passed before depositing its till load. The derivative dark- 
colored soils consist mostly of silt loams and silty clay loams, identified 
in Illinois as the Clarence and Elliott series. An outstanding characteristic 
of these groups is the plastic clay subsoil. Lighter colored soils of similar 
characteristics occur along the streams and on the more rolling areas. 
Small bodies of glacial outwash, lacustrine and alluvial deposits, and peat 
and muck are associated with the glacial drift soils. 

The principal crops are corn, wheat, oats, barley, rye, buckwheat, and 
hay. Potatoes and dairying are important in some localities. Yields are 
generally reported as being considerably below original production levels, 
and the trend still seems to be downward. 

A significant characteristic of the sloping lands of this subdivision is 
their exceptional erodibility under the prevailing type of land use (see 
''Rates of Erosion and Runoff/^ Chap. V, Part 1). Even some of the 
nearly level land has suffered seriously from sheet erosion during the past 
10 years. Under the original condition of prairie, with, a constant supply 
of decayed vegetation, dark to black, deep loamy topsoils were developed, 
which favored ready absorption of rainfall. Little surface runoff occurred, 
and there was practically no erosion. But when the land was plowed out 
of the prairie sod for cropping purposes, a vastly different condition 
was established. The constant source of organic matter was destroyed; 
and as the result of continuous cultivation, the original supply of organic 
matter was gradually dissipated. This has resulted in a profound struc- 
tural change in the surface soil. Apparently, the material has increased 
in density, causing a reduction in the rate of absorption and in the 
water-holding capacity, which, coupled with the impervious nature of 
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the subsoil, has increased the runoff and accelerated both sheet washing 
and gullying. 

Most of the naeasures for control of erosion, soil building, and better 
land use reconamended for the Dark Prairie area are generally applicable 
to the erodible lands of the Shale Till Plain. It is likely, however, that the 
use of vegetation in protecting the soil from further erosion will become 
much more important than mechanical treatment. 

Eastern Timbered Border 

The Eastern Timbered Border subdivision, comprising some 117 
million acres, extends from the Northern Appalachian area on the east 
to the Dark Prairie area on the west. It narrows to a wedge-shaped point 
in southwestern Indiana but is very broad in the region of the Great 
Lakes, extending from the southwestern corner of New York nearly to 
the northwestern corner of Minnesota. The area covers about two-thirds 
of Ohio, nearly all of Indiana, all of Michigan, all of Wisconsin except a 
narrow belt along the Mississippi River, and a large part of northern 
Minnesota. 

Originally, the greater part of this plain was heavily timbered. Most of 
it ranges from nearly level to gently rolling. Strips of relatively steep 
land, however, border most of the important streams. The more rolling 
portions, occurring principally in the northern peninsula of Michigan 
and the extreme northern parts of Wisconsin and northeastern Min- 
nesota, are characterized by low ridges and hillocks. The Mississippi, 
Wisconsin, Wabash, Miami, and Scioto Rivers and their main tributaries 
have cut deep trenches along their courses. Surface relief has been other- 
wise modified by one or more periods of glaciation. Along the contact 
with the Appalachian Plateau, some areas are quite hilly. The more 
southerly areas are generally of smooth surface, whereas considerable 
portions of the northerly sections are ridged and hummocky, with many 
scattered sandy plains and bogs. Along the lake borders, particularly in 
the Saginaw Bay and Maumee Basin sections, are extensive flat areas of 
old lake deposits. These lacustrine lands, generally, have been reclaimed 
from their naturally wet condition for farming purposes. Other smaller 
bodies of marshy land throughout the region have been similarly treated. 

On the basis of differences in topography, soils, and types of agri- 
culture, the region includes the following principal subdivisions: the Lake 
Erie Plain, the Indiana-Ohio Plain, the Southern Michigan-Wisconsin 
Plain, the Northern Great Lakes Timbered Area, and the Great Lakes 
Plain. 


Lake Erie Plain 

The Lake Erie Plain subdivision merges with the Appalachian Plateau, 
along the Pennsylvania and Ohio fronts, at elevations of about 1.500 feet. 
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The country is rolling to hilly, with broad-topped divides and relatively 
steep slopes along the drainageways. It falls to an elevation of about 
600 feet near the southern shore of Lake Erie, from which it is separated 
by a narrow belt of lake plain. Li)land slopes commonly range from 5 to 
15 per cent (Fig. 275 ) but locally run up to 30 per cent or more along 
the deeper stream entrenchments. The steeper slopes are commonly 
wooded, but those of intermediate gradient are largely used for pasture. 
Most of the land having slopes less than 15 per cent is cultivated. 



Fig. 275. — Irregular slopes, typical of more rolling section of Lake Erie Plain, northeastern 
Ohio. {Photograph hy Soil Conservation Service.) 


The soils have been formed chiefly from glacial till derived from the 
sandstones and shales underlying the area. The brown Wooster soils, 
derived largely from sandstone material, are well drained and moderately 
productive. The loam and silt loam are the principal types. The less pro- 
ductive grayish Mahoning soils are generally of heavier texture, grayish 
in color, and not so well drained. Claypan soils of stUl poorer drainage 
occur to some extent. 

Corn, oats, hay, and pasture occupy the major portion of the farm 
land and form the basis for the prevalent dairy type of farming. The 
common rotation is corn, oats, wheat, and 1 year or more of hay. This 
maintains a fairly good vegetative cover, except when corn land is 
fall-plowed for spring oats. 

Indiana-Ohio Plain 

The Indiana-Ohio Plain embraces most of Ohio west of the Scioto 
Piver and all of Indiana except the extreme northerly and southerly por- 
tions. Over the greater extent, the surface ranges from flat to gently 
sloping (Fig. 276 ). In some localities, particularly in southwestern Ohio 
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and southeastern Indiana, the topography is more uneven. Local morainic 
deposits are characterized by rounded ridges. Over the more nearly level 
portions of the Plain, slopes usually range from about 3 to 5 per cent; 
in the morainic sections, some slopes are as steep as 15 per cent. It is 
only near the southern margin and along the larger streams that the 
declivity exceeds these gradients. The general level of the country rises 
from about 500 feet in southern Indiana to about 1,000 feet in west- 
central Ohio. More than two-thirds of the area lies between these 
extremes. 

The soils are derived from glacial material, much of which comes 
from the regional limestone, shale, and sandstone. The ridges are com- 
monly more gravelly and better drained than the more prevalent smoother 



Plain, northwestern Indiana. {Fh.otogra'ph by Soil Conservation Service^ 

lands. Much of the level land has been drained artificially. Slight dif- 
ferences in elevation and slope have produced decided differences in 
natural drainage conditions and soil color (Fig. 2^77). The soils are dis- 
tributed in intricate patterns of the well-drained grayish uplands repre- 
sented by the Miami series; the intermediate gray soils of the Crosby 
group, with their mottled subsoils; and the dark soils, with mottled or 
gray subsoils, of the Brookston series, occupying depressions and level 
areas. The Brookston and Crosby soils are locally known collectively as 
hlack and white land. Much of this upland has a calcareous subsoil. Over 
the flat uplands of southwestern Ohio and southeastern Indiana, the 
principal soils are the grayish, imperfectly drained silty lands of the Cler- 
mont and Vigo groups. These lands are too acid to produce good yields 
of clover or alfalfa without treatment. At present, there is a tendency to 
reduce their use for corn and wheat in favor of hay and pasturage. 
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The Indiana-Ohio Plain country constitutes an eastward extension 
of the great Corn Belt of the Central States. Corn and winter wheat are 
the most important crops, although oats are important in the more 
northerly sections. Hay and grass for pasture are the other important 
crops. Corn is sold as a cash crop or used for feeding beef cattle and hogs. 
Dairying is important where concentrations of population provide satis- 
factory markets. The crop rotation usually consists of one or several 
successive years in corn, followed by winter wheat and, quite commonly, 
by one or more years of mixed hay. Some localities alternate corn and 
wheat. In others, the rotation is 
extended frequently to a 5-year period 
of corn, wheat, and 3 years of grass. 

Some of the grassland is utilized as 
rotation pasture. 

Sheet washing is common over a 
large part of the area, even on quite 
gentle slopes. Many of the steeper 
slopes have been affected by gullying. 

Only the nearly level and depressed 
areas have negligible erosion. 

Most severe erosion occurs in 
summer and during periods of melting 
of snow. Soil washing in winter and 
spring is generally most severe in 
fields of fall-seeded wheat and on bare 
land. Where corn follows corn, erosion 
is especially severe; it is frequently 
serious where corn is alternated with 
wheat. A standard three- or four-year 
rotation of corn, wheat, and grass or a 
legume is a much better cropping plan 
from the standpoint of erosion control 
as well as maintenance of soil 
productivity. 

Large gullies are rare, but thousands of small gullies, or rills, are 
formed annually between corn rows where cultivation is up and down 
the slope. 

Southern Michigan-Wisconsin Plain 

This area, covering, approximately, the southern half of the lower 
peninsula of Michigan and the southeastern portion of Wisconsin from 
Green Bay to northeastern Illinois, comprises nearly %% million acres. 
Predominantly, the country is of gently rolling to rolling topography. 



Fig. 277.^ — Section of aerial photo- 
graph of a typical area in the Indiana- 
Ohio Plain, showing intricate association 
of Crosby (intermediate gray), Miami 
(light), and Brookston (dark) soils. 
Clumpy black areas represent woods, 
Darke County, Ohio. 1 inch equals 1,667 
feet. 
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There are fewer flat and poorly drained areas and more rolling, morainic 
country than in the Indiana-Ohio Plain. The greater part of the area lies 
between 600 feet elevation near the lake borders and 1,200 feet in parts 
of southern Michigan and in the elevated section between Lake Michigan 
and the Green Bay-Fond du Lac depression of southeastern Wisconsin, 

In spite of the prevailing mild relief, many ridges and rolling areas 
rise in complicated pattern above the lower levels of the plain. These 
usually consist of morainic materials, with occasional limestone outcrops 
as cliffs in southeastern Wisconsin, The glacial ridges are interspersed 
generally with flat areas of glacial till and sandy outwash. Within the till 
plains areas, many bodies of naturally wet or swampy land have been 
drained and brought into a condition of high productivity. 

The soils have been derived directly or by water assortment (outwash 
sandy flats) from glacial material of limestone, sandstone, and shale 
origin. They are prevailingly acid in the surface horizons, but the glacial 
till types overlie calcareous materials. 

The Miami loam and Hillsdale fine sandy loam are extensive soils, 
occurring on the low ridges and gently rolling till plains of southern 
Michigan and southeastern Wisconsin. They are well drained and have 
light-brown, friable surface soils and yellowish-brown permeable subsoils 
of heavier texture. They are rich in lime at a depth of about 2 to 4 feet, 
but the surface is generally acid. The Kewaunee soils of Wisconsin and 
the Isabella of Michigan are associated with the Miami but have some- 
what heavier subsoils and are more productive. 

The Kent soils of southern Michigan and the Superior of Wisconsin 
are less permeable and not so well drained. On the cultivated sloping 
lands, sheet erosion is generally active, especially where the gradient 
exceeds about 5 per cent. Gullies are formed on some of the steeper 
areas. 

The sandy and gravelly materials of the Southern Michigan- Wisconsin 
Plain give rise to soils of the Plainfield series on the gravelly ridges and 
to the Coloma on the more nearly level outwash areas. Both groups are 
highly permeable and less productive naturally than the Miami soils. 
Erosion by water is of very little importance, generally. Blowing is some- 
times severe. High sand dunes have formed here and there along the shore 
line. Associated with these soils are those of the dark-colored Brookston 
group, occupying the lower flats and depressions. These are rich in organic 
matter and, with the establishment of adequate drainage, are highly 
productive. They are not subject to erosion. 

Dairying is the dominant agricultural industry of the Southern 
Michigan-Wisconsin Plain. Corn, oats, barley, and hay occupy the largest 
crop areas and are grown chiefly for consumption on the farm. iVlfalfa 
does well on the better drained uplands, especially where the subsoil is 
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calcareous within 1£ to 18 inches of the surface. Soybeans are grown to 
some extent. Fruit is locally important near the lake shores, especially 
in southwestern Michigan and in the Door peninsula between Lake 
Michigan and Green Bay. The feeding of cattle and hogs is important in 
some localities. Beans and sugar beets are important cash crops. Beans 
are grown chiefly on the Miami soils, and sugar beets on the moist lands 
of the Brookston and related types. 

The crop rotation commonly used on the dairy- and beef-cattle farms 
consists of 1 year or more in corn, followed by oats or mixed oats and 
barley, succeeded by 2 years or more of hay. Considerable areas in the 
rolling sections are kept in permanent pasture. Many farms have wood- 
lots on the steeper lands. 

Northern Great Lakes Timbered Section 

This subdivision comprises the upper peninsula of Michigan and all 
of central and northern Wisconsin and Minnesota lying east of the 
Mississippi Fiver, It includes nearly 55 million acres. The topography 
on the whole is the most varied of any part of the Eastern Timbered 
Border region. Nearly all of it lies at elevations in excess of 1,000 feet 
above sea level, with extremes of 2,000 feet or more in some parts of the 
northern peninsula of Michigan. 

The entire area has been glaciated, giving rise to a wide variety of 
surface features within short distances. High morainic ridges rise above 
the till plains and sandy outwash areas. Level tracts of ancient lake 
deposits occur here and there. Interrupted ancient mountain ranges 
occur in the northern peninsula of Michigan and to the northwest of 
Lake Superior. In general, the surface of the morainic ridges varies from 
about 10 to 15 per cent in slope, whereas the till plains range from level 
to less than 10 per cent. The outwash plains and old lake beds are level 
or nearly so. 

The soils of the region are extremely varied. They range from rather 
poorly drained, heavy lake deposits to well-drained gravelly and stony 
loams on the ridges. Extensive areas of well-drained sandy soil occupy 
the flat outwash plains. Loam soils of intermediate-to-good drainage 
predominate over the till plains. Large areas of muck and peat occur in 
the low-lying, poorly drained situations. 

A large part of the area lies in the cut-over Timber Belt of the upper 
Great Lakes. Originally, it supported a varied stand of coniferous and 
hardwood trees; and for 50 years or more, lumbering was the chief 
industry. Some farming to supply lumber camps with food and forage 
began almost with the logging operations. As lumbering proceeded, 
agricultural activity extended over much of the better land and some of 
the poorer. At present, state withdrawals of lands less suitable for agri- 
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cultural pursuits are being made in Wisconsin. Throughout a con- 
siderable part of the region, less than 10 per cent of the land is farmed; 
in some counties, not more than about 3 per cent of the area is cropped. 
Some important tracts are still timbered. Much of the cut-over area is 
now occupied by volunteer brush, aspen, and other second growth. 

Subsistence farming is the dominant type of agriculture, although 
commercial production of potatoes and fruits is locally important. Hay, 
corn for silage, oats, rye, and field peas are grown in connection with 
dairying. 

Because of mild gradient, the presence of a protective cover of timber 
or brush on much land, and the general tendency to cultivate only the 
smoother areas, erosion has not become a serious problem on much of 
the area. This is particularly true of the sandy and gravelly ridges and the 
more porous sandy flats. Wind erosion has affected some fields where 
sandy land is used for intertilled crops. Sheet washing is limited to the 
steeper slopes. 


Great Lakes Plain 

Some 10 million acres of flat lake deposits occur along the southern 
shore of Lake Erie; in the Maumee basin of northwestern Ohio; in the 
Saginaw Bay area of Michigan; around the head of Green Bay in Wis- 
consin; along the shores of the upper peninsula of Michigan; and at the 
western extremity of Lake Superior, near Duluth, Minn. The material 
was deposited when the lakes stood at higher levels. Originally, it was 
very wet and had to be drained artificially for agricultural occupation. 

The soils are dark colored and rich in organic matter in the surface 
and varicolored and calcareous in the subsoil. They are highly produc- 
tive where properly drained. 

Erosion is generally of little importance, although some of the more 
sloping areas are beginning to wash rather seriously. This condition is 
found in a number of places even on dark-colored, heavy soil, where the 
land has been in cultivation for a considerable time. Erosion seems to be 
associated with an increased density of the soil, such as probably has 
developed because of partial depletion of the organic matter. 

Soil Conservation 

Farming began in the southern part of the Eastern Timbered Border 
region more than a century ago and has spread gradually northward 
until most of the smoother, better lands have been occupied. Some degree 
of erosion has followed rather generally on the steeper lands, and blowing 
has affected many tracts of sandy soil. Sheet washing has taken heavy toll 
where corn is grown successively for several years or where the rotations 
are too short to include adequate periods of grass cover. 
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Conditions of erosion shown by detailed surveys near Hamilton, But- 
ler County, Ohio, and in Cass County, Indiana, are fairly representative 
of large farming areas in this region. 

Approximately £9 per cent of the 30,000 acres surveyed near Hamil- 
ton, Ohio, has a surface slope of 3 per cent or less; over 47 per cent of the 
area has slopes ranging from 3 to 8 per cent; 10 per cent has slopes rang- 
ing from 8 to 15 per cent; and 14 per cent is characterized by slopes in 
excess of 15 per cent. About £5 per cent of the land is too steep for cul- 
tivation to the clean-tilled crops and should be retired to the permanent 
protection of grass or trees. This area is typical of much rolling land in 
southwestern Ohio and adjacent Indiana. 

Of the £3,000 acres surveyed in Deer Creek Township, Cass County, 
Indiana, which is representative of much of the gently rolling to undulat- 
ing portion of the Indiana-Ohio Plain, nearly 84 per cent has a slope of 
£ per cent or less, nearly 11 per cent ranges from £ to 5 per cent, and only 
5.5 per cent has slopes in excess of 5 per cent. Here only about 6 per cent 
of the land is too steep for the production of clean-tilled crops. 

The contrast in erosion conditions as between these two areas, 
although influenced by soil factors and cropping practices, is largely 
accounted for by differences in surface gradient. In the Hamilton area, 
only 5.5 per cent of the cultivated land has been unaffected by erosion, 
although an additional 17 per cent has suffered but slightly. About 4£.5 
per cent has lost from £5 to 50 per cent of the topsoil; 32.5 per cent has 
lost considerably more than half of the topsoil; and 2.5 per cent has been 
practically ruined by sheet erosion and gullying. In other words, erosion 
is a serious problem on more than three-fourths of the farm land. 

In contrast, 55.5 per cent of the Deer Creek Township area has suf- 
fered little or no erosion, and £9 per cent more has been but slightly 
affected. The area affected by moderate erosion amounts to nearly 1£ per 
cent of the cultivated land, with only 3.5 per cent ruinously washed. 
Here, erosion is a serious problem on only 15.5 per cent of the land. 

Farther north, where the country is more rolling and a great dairy 
industry has been established, the cropping system is based largely on 
the production of corn for silage, oats for feeding on the farm, and hay. 
Where the land is covered with grass or alfalfa, it is safeguarded from 
erosion; but on the areas used frequently for corn, sheet washing is 
generally in evidence, particularly on the heavy sloping lands. As a rule, 
the washing is much more severe on the steeper lands. Already, a large 
aggregate area has been stripped of the more productive topsoil, and small 
gullies are developing in too many fields. 

In Wisconsin, a considerable area of submarginal land has been 
closed to farming during the past 8 years through the operation of county 
ordinances under the state zoning law. It is estimated that upward of 
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five million acres eventually will be returned to forest, park, and other 
uses. Included in this are large areas of the poorer sandy soils now under 
cultivation and susceptible to serious wind erosion. 

In the Lake Erie Plain, where dairying is the dominant type of farm- 
ing, it is necessary, in the interest of proper soil defense, to devote the 
steeper slopes to farm woodlots, making whatever plantings that may 
be necessary to establish an adequate protective cover. The more gentle 
slopes, still too steep for safe cultivation, should be used for pasture 
grasses. Adequate stands should be developed by liming, fertilizing, 
reseeding to suitable grass mixtures, and properly managed grazing. 
Where the more erodible slopes must be cultivated, they should be held 
in hay as long as feasible, under a rotation plan of corn, small grain, and 
hay. Contour strip cropping and contour row crops are advisable. Grass 
stands generally can be improved by liming. 

In the Indiana-Ohio Plain, contour strip cropping, contour cultiva- 
tion, and terracing of adaptable slopes have been combined to control soil 
erosion on the gently rolling uplands. The lengthening of crop rotations 
to increase the proportion of grassland or legumes is generally helpful. 
Liming and fertilizing usually aid in the establishment of better stands 
of legumes for hay and soil building. Contour farming is advisable, 
and gully control is necessary on some farms. Grassed waterways are 
usually needed for the safe disposal of water from terrace outlets. Diver- 
sion ditches are needed on some of the longer slopes to protect lower lying 
cultivated land from excessive runoff. 

In the dairying sections of the Southern Michlgan-Wisconsin Plain, 
crop rotations generally should include longer periods for grass- Steeper 
slopes of the morainic ridges should be retired to trees or to permanent 
pasture, and grazing should be excluded from farm woodlots. Pasture 
improvement is generally needed. On the more rolling, heavier soils, 
contour strip cropping and contour tillage should be practiced. 

Claypan Prairies 

The Claypan Prairies area of southern Illinois, northeastern and west- 
central Missouri, southeastern Kansas, and northeastern Oklahoma 
includes about 27 million acres. The topography is predominantly nearly 
level to undulating or gently rolling. The natural drainage, especially of 
the more nearly level areas, is imperfect. 

Among the predominant claypan soils of the smoother areas are those 
of the Putnam, Oswego, Parsons, Cory, and Cherokee groups. The true 
claypan soils have gray to very dark-gray silt loam surface soils, overlying 
light-gray silt loam. The subsoil begins abruptly at depths ranging from 
about 10 to 16 inches below the surface and consists of yellow to dark- 
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brown, stiff, impervious clay. This tough material is locally known as 
‘'claypan,’’ “pan/’ or “hardpan.” 

The agriculture of the area consists primarily of general farming, with 
livestock and grain as the main sources of income. The principal crops 
are wheat, oats, sorghum, and grass. 

Because of high-rainfall intensity and the lower absorptive capacity 
of the dense clay subsoil, both sheet and gully erosion (Fig. 278) have 
become serious on the more rolling areas. As the depth of topsoil is 
thinned by sheet washing, the volume and rate of runoff have increased, 
still further accelerating erosion. 



Fig. 278. — Destructive erosion in claypan section of southern Illinois. (Photograph hy U. S. 

Forest Service,) 


The need of protection for these erodible lands is urgent. Productivity 
is not naturally very high. Improvement is feasible through the applica- 
tion of practical soil conservation measures and by additions of lime, 
organic matter, and phosphates. Conservation of w^ater is especially 
important in the western part of the area, where serious droughts 
frequently damage the crops. Plowing under cover crops and barnyard 
manures is helpful, but all land having any considerable slope is in need 
of sound conservation treatment, such as contour farming, terracing, and 
strip cropping on a rotation basis. Much pasture land needs contour 
furrowing and controlled grazing. 

The application of conservation measures has demonstrated effec- 
tively the benefits to be derived from such work. The accomplishments 
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on the McCredie demonstration project, near Fulton, Mo., are indicative 
of the possibilities of practical soil and water conservation in this prob- 
lem area. 


MCCREDIE DEMONSTRATION 

The McCredie project, comprising approximately 25 thousand acres, 
is located in Callaway County, Missouri. The area is representative of 
the Putnam-Lindley group of claypan soils and, in a general way, of all 
the claypan soils. About 70 per cent of the project area is covered by the 
dark-grayish Putnam silt loam and about 20 per cent by the yellowish 
Lindley soils of more uneven surface. The surface of the area varies from 
level to gently undulating, with rather steep breaks to the drainageways. 
The Lindley soils occupy the steeper slopes. 

As late as 1871, McCredie was described as being situated “in the 
midst of extensive pasture lands. This implies that tillage had not 
become general at that time. Corn was the first important crop grown 
in the region; and even with crude tillage practices and inferior varieties, 
yields of 50 to 60 bushels per acre are said to have been common. At the 
present time, after less than 70 years of cultivation, these lands are 
reported as producing an average of no more than 10 or 12 bushels to 
the acre. Corn acreage decreased 45 per cent from 1909 to 1929 and then 
increased by 9 per cent from 1929 to 1984. It seems significant that the 
late increase in acreage was attended by a decrease in per-acre yield. 
Apparently, the farmers were expanding acreage to retrieve a living out 
of constantly falling productiveness. 

Statistics reveal a steady decrease in population and in the number 
of farms and an increase in the size of the farm imits. The average farm 
mortgage debt increased from $1,720 in 1910 to $3,685 in 1930. The aver- 
age mortgage debt amounted to 60.7 per cent of the value of the land 
in 1930. 

The serious advance of erosion was disclosed in 1934, when it was 
shown by an erosion survey of the project area that three-fourths of the 
land had lost from small amounts to 75 per cent of the original produc- 
tive topsoil. One-fourth of the land had lost from 75 per cent to all of the 
topsoil. Gullies were not general although occasionally in evidence. The 
erosion condition explains the low yields. 

Cooperative arrangements for conservation treatment of 100 farms, 
representing 70 per cent of the project area, were in effect by June, 1937. 
Under these arrangements, a complete treatment for soil and water con- 
servation was planned for each farm, according to the needs and adapta- 
bility of the various types of land on the farm. Among the practices 
found necessary to meet these various needs were; contour tillage; con- 
tour strip cropping on a rotation basis; use of buffer strips; terracing of 
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slopes up to 9 per cent; contour furrows in pastures; gully control; 
diversion of water from gullies and other critical areas; fencing; con- 
struction of vegetated channels for disposal of runoff; application of 
limestone, barnyard manure, and other soil amendments; cover crops; 
green manuring; and retirement of badly eroded lands and steep slopes 
to trees, grass, or wildlife plantings. The good results already obtained 
are recognized by farmers within the project boundaries as well as by 
many of those outside. Business and professional men have expressed 
their recognition of the conservation program as a vital need for the long- 
time welfare of the region. 

Among the major accomplishments on this project are the retirement 
of 4,326 acres of erodible land to the protection of permanent cover, 
terracing, strip cropping, and contouring of 3,121 acres; installation of 800 
temporary and permanent gully structures; the building of 25 stock-water 
dams; and extensive pasture improvement. 

Loess Area 

The Loess area is composed of two main sectors; the Missouri River 
section of 23 million acres, extending in broad outline down the river 
from southeastern South Dakota into northwestern Missouri; and the 
Lower Missouri and Upper Mississippi section of 22 million acres, ex- 
tending along the Mississippi from west-central Wisconsin and adjacent 
Minnesota to southern Illinois and along the Missouri from north- 
western Missouri to the Mississippi River. 

The topographic features vary widely. The northern part of the 
Missouri River sector is undulating to smoothly rolling, with considerable 
rough land immediately skirting the alluvial plain; the remainder, in- 
cluding all of the Upper Mississippi River sector, is predominantly 
gently rolling to broken. Slopes vary from around 4 or 5 to more than 
40 per cent. Drainage is well established. 

Over most of the area, the loess was laid down over glacial drift 
material. In a large section of southwestern Wisconsin and adjacent 
Minnesota, where there was no glaciation, the loess overlies limestone, 
sandstone, and shale. The mantle of loess shows wide variations in thick- 
ness. In parts of the Missomi River sector, the depth may exceed 100 
feet; in other localities, it thins down to less than 3 feet. The heaviest 
deposits are those of the more westerly areas. 

The predominating soils are the Marshall silt loam, developed under 
conditions of grass-covered prairie; and the Clinton, Fayette, Dubuque, 
Memphis, and Knox silt loams, developed under forest. The Marshall 
silt loam is a highly productive, dark soil, rich in organic matter and 
readily permeable to rainfall. The timbered soils average more rolling; 
locally, they are broken to hilly. They have, generally, light-brown or 
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yellowisli-brown, floury topsoils and yellowish silty clay loam or silty 
clay subsoils, usually more compact than the similarly textured subsoil 
of the Marshall. In the rougher sections along the upper Mississippi, 
stony slopes and rock cliffs are common. 



Fig. 279. — Upper, soil removed from typical cornfield, Missouri Valley loess area, by a 
4.5-inch rain (in 2 hours) and deposited over a formerly gullied area that was controlled by 
diking. In places the eroded material deposited during this rain was 2 feet deep. Lower, 
cornfield on same type of land as cornfield above, protected by wheat seeded between corn; 
very little erosion by same 4,5-inch rain. Both pictures taken April 22, 1937, near Tarkio, 
Missouri. (Photographs by Soil Conservation Service,) 

The agriculture is based principally on the production of grain and 
on livestock industries. Corn and oats are the principal crops. Hogs, 
beef cattle, and dairying are important. Sweetclover and alfalfa are grown 
for hay and for soil improvement. The Marshall silt loam is utilized very 
largely for the production of corn, as a cash crop. Much of the rolling 
and more broken land is in pasture, although the acreage of good grass- 
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land is relatively small. The more broken sections of country along the 
rivers, particularly the Mississippi, are largely timbered. 

Both sheet (Fig. £79) and gully erosion are general on unprotected 
slopes — in many places, severe (see “Bates of Erosion and Runoff,” 
Chap. V, Part 1). Much of the more rolling farm land has lost most of the 
original topsoil, with many areas down to the subsoil, and some badly 
gullied (Fig. £79), In general, the soils are very erodible. On some of the 
valley bench lands having sandy subsoil, many large and destructive 



Fig. 280. — A formerly Highly productive valley farm, in drainage basin of Buffalo 
River, Wisconsin, almost ruined by gullying. This recently formed gully is 50 feet deep 
in places. Sand washed from this ravine, and many others like it in the unglaciated region of 
southwestern Wisconsin and adjacent Minnesota, repeatedly damages highways and down- 
stream farm lands and much of it goes into the channelway of the Mississippi River. {Photo-- 
graph by Soil Conservation Service.) 


gullies have developed within the last few decades (Fig. £80), as in the 
drainage basin of Buffalo River. 

Erosion control is a farm problem of major importance, generally. 
All land-use practices should be in line with this objective. Because of 
inherent productivity, even the more rolling land is generally capable 
of producing fair to good yields imder conditions of a stabilized surface. 
On the other hand, continuous cultivation without adequate protection 
will lead to eventual gullying and abandonment. Many of the steeper 
slopes and bluff areas should be kept in trees. 

Practical work in the conservation of soil and water is proving highly 
effective. Demonstrations in Coon Valley, Wis,; at Winona, Minn.; and 
McGregor and Shenandoah, Iowa, are outstandingly successful. The 
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desire for large returns on the productive lands of this problem area is 
quite natural. However , the practical value of reorganized land use and 
the installation of conservation practices, including such beneficial 
measures as crop rotation, contour farming, strip cropping (Pig. 281), 
terracing, gully control, cover crops (Pig. 282), and pasture improve- 
ment, have been so impressively demonstrated on nearly 200,000 acres 
in the various important subdivisions that the trend appears to be 



Eig. 281. — Highly effective results have been obtained with strip cropping in the 
Upper Mississippi section of the loess area, southwestern Wisconsin. {Photograph hy Soil 
Conservation Service.) 


definitely in the direction of general adoption of a soil-conserving type 
of agriculture. 


Gilkore Creek Demonstration 

This project, in Winona County, Minnesota, comprises approximately 
6,000 acres and is fairly representative of the steeper river lands of the 
Upper Mississippi River sector. 

The soils are predominantly light-colored silt loams with friable silty 
clay subsoils. Broadly, the topography is rolling, with considerable 
steep to broken land. Some of the steeper land consists of shallow soil 
over rock, and other areas are very stony. Both sheet and gully erosion 
are active on all land from which the protective cover of trees and grasses 
has been removed. Continuous clean-tillage operations everywhere 
causes severe sheet washing and in many places rapid gullying. Over- 
grazing has resulted in damage to much of the pasture land, including 
woodland pasture. 
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A survey has shown that half of the topsoil has been removed from 
all cultivated farm land and that most slopes having a declivity exceeding 
6 per cent have gullied to some extent. Accelerated floods along the 
streams have damaged much valuable bottomland by erosion and by 
deposition of sand, gravel, and rock. Crop yields have decreased as ero- 



Fig. 282 . — Upper, formerly productive field ruined for crop use by gullying; lower, 
reclaimed in 2 years for pasture (foreground) and production of black locusts for fence posts 
(center). Lower Missouri Section of loess area. {PJiotographs by Sail Conservation Service,) 


sion has increased. Between 1880 and 1930, the population of the county 
decreased by about one-third. 

A total of 5,600 acres, or 94 per cent of the total project area, repre- 
senting 51 cooperative farm agreements, has been treated for the control 
of erosion and conservation of rainfall. Nearly 30 different measures of 
land treatment have been used to meet the menace of erosion on the 
varied conditions of soil, slope, and land use. These measures involve 
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such major types of treatment as contour tillage; strip cropping; terracing; 
crop rotation; cover crops; utilization of crop residues; replenishment of 
the soil supply of organic matter; liming; improvement of pastures and 
woodlands; retirement of critically credible slopes to the permanent pro- 
tection of grass, trees, and wildlife plantings; gully control; and stream- 
bank protection. The results have been a very large reduction in the 
loss of soil and a marked improvement of flood conditions. 

Red River Area 

The Red River area comprises some 12 million acres in the Red River 
Valley of northwestern Minnesota and eastern North Dakota. It lies 
within the basin of ancient Lake Agassiz. 

The valley covers three divisions: an outer morainic belt of rolling 
character, sloping lake deltas, and the flat lake bed proper. The streams 
have cut narrow grooves, seldom exceeding 10 to 15 feet, below the 
general level of the land. Old beach lines of sand and gravel ridges extend 
longitudinally along the valley; they vary in height from 3 to 15 feet and 
in width from about -J- to mile. Drainage is well established on all 
sloping areas but is deficient on some of the level lowlands. 

The predominating soils are the Fargo and Bearden series; both are 
derived from lake material and have developed under prairie conditions. 
They are dark colored and rich in organic matter. About one-half of the 
land consists of heavy clay, which, though absorbing rainfall slowly, has 
high moisture-holding capacity. The other half consists of permeable 
sandy and loamy types. Some of the more sandy land is very droughty. 

The average annual precipitation ranges from about 19 inches in the 
northern to 25 inches in the southern part. Rainfall is usually well dis- 
tributed throughout the growing season, although summer droughts are 
not uncommon. 

The agriculture of the valley is primarily cash-grain farming, with 
corn, wheat, oats, and barley the principal crops. Potatoes are locally 
important. Roughly, about 75 to 80 per cent of the area is farmed, and 
part of the remainder is tillable. A very intensive type of cultivation is 
practiced; much land is left relatively bare of cover much of the year and 
so is vulnerable to wind action. Wind erosion has affected much of the 
area, particularly the sandy lands. In general, adverse weather conditions 
and faulty systems of cropping are responsible for the severity of soil 
blowing. Ordinarily, the damage thus far has been confined to single 
fields. Among the largest single areas that have been severely affected 
are those found in parts of Kittson and Marshall Counties, Minnesota. 

Better planned rotations to provide increased production of legumes 
as sources of organic matter, to counteract wind action, and to maintain 
productivity are plainly needed. Supporting practices should include 
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strip cropping, cover crops, and cultural practices that leave the surface 
cloddy and at least partially covered with crop residues. The lighter 
sandy soils are largely unsuited to general farming; the greater part of 
them should be used for hay, pasture, or close-growing crops. The 
heavier lands are well suited to intensive cultivation and are not much 
affected by wind erosion. 

Not enough demonstration work in erosion control has been carried 
out in the area. The Minnesota Agricultural Experiment Station is 
starting operations having to do with the control of wind erosion on a 
number of farms in Swift and Lac Qui Parle Counties. This w^ork is 
likely to point the w^ay to practical measures of control of both moderate 
and serious wind action in those localities. 

Residual Limestone and Shale Plain 

The Residual Limestone and Shale Plain area is largely restricted to 
east-central Kansas and west-central Missouri. It comprises some IS 
million acres, bordered by the Great Plains on the w^est, the Browni Till 
area on the north, and the Claypan Prairies on the southeast and south. 

Surface relief is generally undulating to rolling, and drainage is w^ell 
established. Relatively deep valleys have been cut by the principal 
streams: the Osage, Neosho, and Verdigris Rivers and their main tribu- 
taries. Strips of rolling to broken country, largely timbered, border the 
larger waterways. Some of the hills and ridges are strewn with rock 
fragments. The natural vegetation of the prairie areas consists largely of 
bluestem and other grasses. The steeper slopes are covered in many 
places with a generally small growth of such plants as dogwood, sumac, 
wild cherry, oak, hackberry, and persimmon. The timbered alluvial 
areas support a variety of trees, such as hackberry, elm, ash, oak, walnut, 
locust, maple, cottonwood, sycamore, hawthorn, and willow. 

Average precipitation is about 30 to 35 inches, with extremes as low 
as %5 and as high as 55 inches. A large proportion of the rainfall occurs 
during the growing season from April to October. Crop failures are rare, 
although short midsummer droughts, accompanied by hot winds, occa- 
sionally damage the corn crop. 

The underlying rocks consist of limestones, sandstones, and shale. A 
number of distinctive groups of soils have been formed through the break- 
ing down of these rock formations. The Summit, Labette, and Bates are 
the most important series. The soils of the first two groups are predomi- 
nantly heavy in textures, usually ranging from silt loam to silty clay 
loam. They are derived largely from limestone and shale. The principal 
types of the Bates group are fine sandy loam and loam. These are derived 
chiefly from sandstone and shale. On the slopes bordering drainageways, 
much of the land is thin and stony. 
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Approximately 60 per cent of this problem area is under cultivation. 
Originally, most of the region back from the main drainages was grassed 
prairie country. It was used first as range land for cattle. The agricultural 
development of the region has centered around some type of livestock 
industry. Com production was expanded for feeding. Gradually, wheat, 
oats, rye, barley, flax, alfalfa, and kaflr were introduced into the general 
farming scheme. Today, kafir, corn, wheat, and hay are the principal 
crops. They are grown on many farms in combination with the raising 
of cattle and hogs. Dairying is important in some sections. Some localities 
emphasize the production of grains; others specialize in livestock and 
hay. The alluvial soils ordinarily are used for corn, alfalfa, and clover. 

The average size of farms is about 160 acres; about 40 per cent of 
them are operated by tenants. 

Erosion is active on nearly all sloping lands used for the cultivated 
crops, especially where plowung is not on the contour. Many fields, even 
on gentle slopes, show sheet erosion losses, as evidenced by the lighter 
color of the soil and decreased yields. Gullying has done considerable 
damage on some areas. Some overgrazed land has also suffered from 
erosion. 

Only recently has the maintenance of land against erosion been given 
serious consideration. A number of demonstrations have shown the value 
of soil and water conservation practices. There is evidence that increased 
use is being made of such practical farm measures, although the spread is 
still too slow for the safety of the land and those who live by the land. 

Lower Missouri Dark Brown Till Section 

The Lower Missouri Dark Brown Till area, covering some 18 million 
acres, occurs in two principal bodies, one in south-central Iowa and adja- 
cent Missouri, and the other in southeastern Nebraska and adjacent 
Kansas. 

For the most part, the topography is gently rolling to rolling, but 
many flat areas occur over the broader interstream divides. The uplands 
have been deeply dissected by V-shaped valleys, forming an intricate 
pattern of stream activity. Slopes vary widely in length, direction, and 
declivity. Most of the large streams are bordered by strips of strongly 
rolling or rough country, where the slopes are short and steep, with 
gradients commonly ranging from 8 to ^0 per cent. Back from the main 
drainages, the land is characteristically smoother, with generally long 
slopes, ranging from about 5 to 15 per cent. The higher interstream pla- 
teau areas are stiU smoother, with slopes seldom exceeding 5 per cent. 

Annual precipitation ranges from about 30 to 40 inches. The heaviest 
rainfall usually occurs in early summer. At that time, fields are scantily 
protected with plant residues, and much erosion results. 
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The area is underlain by glacial till, consisting of clayey materials 
containing varying amounts of sand and gravel. Much of it originally was 
covered with a thin mantle of loess. Grundy and Carrington silt loam and 
Shelby loam are the dominant upland soils. The undisturbed topsoil con- 
sists of about 6 to 14 inches of very dark-brown loam to almost black 
silt loam or silty clay loam. The subsoils are yellowish brown and vary 
from moderately stiff to very stiff clay. The subsoil of the Shelby is a stiff 
yellowish clay, composed of till material containing some sand and gravel. 
Lime concretions and frequently layers or pockets of softer calcareous 



Fig, 283 . — Severe rill erosion on glacial soil (Shelby loam) northern Missouri. {Photograph 

hy Soil Conservation Service.) 


material are usually present at depths ranging from ^ to 5 feet below the 
surface of these soils. 

Scattered through the region, particularly the Missouri-Iowa sector, 
are tracts of Grundy silt loam, capping the smoother divides. This nearly 
level to gently rolling land appears to have been derived from loessial 
material. The surface is dark gray to dark grayish-brown silt loam, 
underlain at about 10 inches by lighter colored silty clay loam, which 
frequently grades below into silty clay. The Grundy soils and most of 
the Shelby were developed under prairie conditions. Some of the steeper 
areas of Shelby were timbered at the time of settlement; occasional small 
tracts are still forested. 

The associated yellowish Lindley soils are locally extensive. They 
occupy timbered slopes which frequently extend from the higher upland 
levels down to the streamways. The surface is usually steep and fre- 
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quently rough. Most of the land is unsuitable for crop production. Ero- 
sion has long been active on these steeply rolling lands. 

Between 50 and 60 per cent of the farm lands of the Dark Brown Till 
area is used for crops, and most of the remainder for pasture. Farm wood- 
lots are customarily restricted to the rougher areas. Corn, the principal 
crop, is frequently grown for several years in succession in the same field. 
Wheat and oats are grown in some localities, particularly in the Kansas- 
Nebraska sector. About SO to 40 per cent of each farm is regularly in 
pasture grasses or legumes. 

The Shelby soils are very erodible (Fig. £83) (see Chap. V, ‘"Losses 
from Representative Erodible Land, Lower Missouri Dark Brown Till 
Section”). Both sheet and gully washing have seriously affected a large 
aggregate area. Much of the less rolling Carrington and Grundy area is 
affected also but not so seriously. The practice of growing corn two or 
more years in succession on the same land has markedly increased ero- 
sion. Because of this soil wastage, more and more of the cultivated 
acreage of Shelby loam is being shifted from corn to pasture or woodlots. 
Practical measures for the control of erosion, such as those referred to 
under other subdivisions of the Central Prairie and Eastern Timbered 
Border region, have proved highly successful on these lands. These 
measures must be applied intensively on practically all rolling farm land 
if erosion losses in the Dark Brown Till area are to be held to a minimum. 
Already many fields and parts of fields have been ruined; some farms 
have been abandoned; and a very large total area has suffered varying 
degrees of impoverishment, solely because of erosion. The effectiveness of 
the application of a completely coordinated plan of farm treatment for 
soil and water conservation has been so outstanding that it is believed 
that most farmers are likely to put erosion under control as rapidly as 
they can do the necessary work. 





Chapter XXXIV. Ozark Highlands 


The Ozark Highlands includes an extensive region of elevated country 
in southern Missouri, northwestern Arkansas, and eastern Oklahoma, 
aggregating approximately 40 million acres (Map 11). Although the 
region varies widely as to details of topography, soils, erosion condition. 



Map 11. — Ozark Highlands Problem Area, {Soil Conservation Service,) 


and agriculture, it is delineable into two main subdivisions : (1) the North- 
ern Ozarks, comprising about 25 million acres in Missouri and northern 
Arkansas and representing that portion of the Highlands underlain prin- 
cipally by limestone formations; and (2) the Southern Ozarks, comprising 
15 million acres in the Boston Mountain sector in northern Arkansas and 
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the Ouachita Mountains of central-western Arkansas and eastern Okla- 
homa. This southerly area is underlain by sandstone and shale. 

The region as a whole is conspicuously elevated above the smoothly 
undulating to rolling country that immediately surrounds it. The topog- 
raphy may be characterized as generally hilly to mountainous. Many 
valleys, however, include large areas of relatively smooth land, well- 
suited to cultivation. Some basinlike areas also are characterized by 
favorable topography. Much of the border country lacks the rugged 



Fig. 284. — This moderately steep slope of Baxter gravelly silt loam, in the Northern 
Ozarks sector, was successfully used for grass twenty years, and then plowed for tomatoes. 
Severe sheet washing resulted. Reseeded 1938 to orchard grass, bluestem, and timothy, 
within a short time the washing was largely checked. (Photograph hy Soil Consermiion 

Service.) 

w 

surface conditions of the higher central sectors. Elevations above* sea 
level range from about 300 to 800 feet in the lowlands of the Ouachita 
Mountains to ^,500 feet or more on the high ridges (Magazine Mountain 
is 2,800 feet). In the Boston Mountain sector, the higher elevations 
range to about 2,300 feet and in the northerly limestone area, to about 
1,100 feet. 

The mean annual precipitation of 40 to 50 inches is well distributed 
normally. Maximum precipitation generally occurs during the period of 
April to July. Records indicate that the maximum expected rainfall 
intensity for a 10-minute period on the basis of a 10-year frequency is 
1 inch; and for a 60-minute period, 2.25 inches. 

In the virgin condition, most of the Ozark Highlands was forested. 
The growth varied considerably with soil conditions. On the limestone 
lands of the Northern Ozarks, the principal upland trees are black oak, 
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white oak, and hickory, with an occasional intermixture of pine. In the 
valleys, sycamore, hackberry, elm, black walnut, butternut, gum, ash, 
and other deciduous trees were abundant before the spread of agricul- 
ture. On the more sandy lands of the Southern Ozarks, pine is more 
abundant although frequently mixed with hardwoods. Some isolated 
prairie areas in the northern sector supported good stands of big and 
little bluestem and other grasses. 

Unfavorable topography, together with shallow, stony soil, has pre- 
vented cultivation of much land. A large part of such land, how^ever, has, 
at one time or another, produced considerable income from forest products 
even though trees have been cut indiscriminately from many areas, 
with little or no provision made for the reproduction of desirable species. 
Careless lumbering practices, improper location of trails, and the burning 
of woodlands, intentionally or otherwise, have not favored the main- 
tenance of the productive value of woodlands. 

The agricultural occupation of the Ozarks has resulted in the clearing 
and cultivation of a large area that was too steep and credible for farm- 
ing. Erosion began immediately with the clearing of such sloping land 
as well as on much land of moderate slope (Pig. S84). It is not uncommon, 
especially in the Northern Ozarks, to cultivate land with slopes of to 
40 per cent. As erosion progressed, new land was cleared, and impover- 
ished, soil-stripped fields were abandoned. 

Surveys of representative areas indicate that in the northern sector 
approximately 27 per cent of the land of the better farming localities is 
in clean-tilled crops, 10 per cent is idle land, 30 per cent is in pasture, 
and 33 per cent still supports a stand of timber and that in the southern 
part approximately 26 per cent is cultivated, 14 per cent is idle, 14 per 
cent is in pasture, and 46 per cent remains in timber. 

The extent to which erosion has progressed on farm lands within the 
Ozark Highlands is illustrated by the results of surveys of farm lands in 
various representative localities covering some 200,000 acres (Table 42) . 

The surveys show that for the areas covered, about 58 per cent of the 
cultivated land in the Northern Ozarks has been seriously affected by 
erosion and about 63 per cent in the Southern Ozarks. The corresponding 
percentages of serious erosion on pasture land are about 75 and 54, respec- 
tively. This is partly explained by the fact that much of the pasture land 
consists of formerly cultivated areas which were abandoned because of 
erosion. 

Throughout the Ozark Highlands, there is general need for better 
protection of the land from erosion. Retirement of the steeper, severely 
erpded areas to pasture or trees, improvement of pastures, and careful 
management of woodlands would aid materially in stabilizing agriculture. 
Much cropland lying immediately below steep, thinly covered pasture or 
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timber receives heavy runofif from these areas. Protection of such land 
by diversion of runoff is a special measure of much importance to the 
region. 

In addition to damage to uplands by erosion, much formerly produc- 
tive stream bottomland has been impoverished by overwash of sand, 
gravel, and stone. Deposits of sand 2 to 6 feet deep are not uncommon 
on the alluvial soils. 


Northern Ozarks 

The Northern Ozarks section includes that part of the Ozark High- 
lands generally referred to as the Ozark Mountains, Salem Plateau, and 
Springfield Plateau. It covers a large part of Missouri lying south of the 
Missouri River, the northern tier of counties in Arkansas, and the north- 
eastern corner of Oklahoma. Surface relief is extremely variable, ranging 
from undulating on the border prairies to extremely hilly over much of 
the interior country. Drainage outlets reach every square mile. Except 
in the smooth border and interior basin areas, slopes are short and steep. 
Many of the ridges are narrow and often continuous, separating streams 
that meander through valleys of ten several hundred feet below their crests. 


Table 42. — Relation of Land Use to Erosion in the Northern and 
Southern Sections op the Ozark Highlands 




Land use 

Extent of erosion, per cent 



None 

Slight 

Moderate 

Very severe 



/Unlt.ivat.ed 

aS .4 

18.3 

56.5 

1.8 

13.6 


CO 

)ldle 

11.8 

9.2 

65.4 



1 Pasture 

7,8 

17.4 

68.5 

6.3 

0 

o 

'^Farm woodland 

13.6 

54.2 

29.1 

3.1 



All land 

14.3 

28.8 

52.0 

4.9 



/Cultivated . . 

21.5 

15.6 

58.1 

4.8 


to 

Udle 

14.0 

14.5 

56.1 

15.4 

3 

u ■ 

I Pasture 

19.1 

27.0 

45.3 

8.6 


o 

^Farm woodland 

All land 

29.8 

12.8 

62.5 

38.5 

6.7 

32.5 

1.0 

5.2 





The Baxter and Clarkesville cherty silt loams and stony silt loams, 
derived from limestone, are the most important of the upland soils. The 
former have red clay, and the latter yellow silty clay subsoils. 

Corn, small grain, orchards, vineyards, small fruits, truck crops, hay, 
and various forage crops occupy most of the cultivated area. Erosion is 
serious on most of the upland. Table 43 shows the degree of erosion on the 



OZARK HIGHLANDS 


719 


various slope classes for the major types of land use in a number of 
erosion-control project areas. 



Fig. 285. — Gently sloping (3 per cent) 51-acre field of valle; y land, protected by contour 
strip cropping of oats and red clover, on rotation basis, near Harrison, Arkansas. {Photo- 
graph by Soil Conservation Service.) 



Fig. 286.— 'Bermuda grass seeded in corn, spring of 1937; 38 beef steers were turned in 
for fattening, after harvesting a good crop of corn in October, same year. This field, which 
was subject to impoverishing sheet washing, will be kept in grass. Near Harrison, Arkansas. 
{Photograph by Soil Conservation Service.) 


The effectiveness of soil conservation measures has been demon- 
strated in representative areas and includes woodland and pasture im- 
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provement; stabilization of tilled land by contouring, terracing, and strip 
cropping (Fig. 285) ; seeding highly erodible land to permanent grass for 



Fig. 287. — Plowing under rye and vetcli on eroded field of Baxter soil, 7 per cent slope, 
to replenish humus supply. Northern Ozarks. (Photograph by Soil Conservation Service,) 


Table 43. — ^Extent of Erosion by Slope Classes fob the MaJor Types 
OF Land Use in the Northern Ozarks 


Slope range, 
per cent 

Per cent of 
total 

Extent of erosion, per cent 

None 

Slight 

Moderate 

Very severe 

-0 / 0 to 3 

37.4 

13.1 

33.7 

52.2 

1.0 

^ ) 3 to 12 

55.1 

1.4 

14.6 

76.7 

7.3 

0)12 to 16 

6.0 

0.8 

10.3 

78.9 

10.0 

^ ^Over 16 

1.5 

0.5 

3.8 

73.8 

21.9 

^ / 0 to 3 i 

14.7 

24.0 i 

27.6 

47.1 

1.3 

1 ; 3 to 12 j 

59,2 

1.2 1 

14.8 

75.8 

8.2 

1 ) 12 to 16 ' 

19.3 

1.2 ■ 

17.8 

74.6 

1 6.4 

^ vOver 16 

6.8 

0.9 

33.9 

63.3 

1.9 

/ 0 to 3 

9.1 

39.0 

44.7 

15.5 

0.8 

4) 3 to 12 

34.4 

10.0 

59.3 

28.1 

2.6 

§ ) 12 to 16 

28.2 

6.5 

52.4 

37.3 

3.8 

^ ^Over 16 

i 

28.3 

6.7 

60.4 

29.1 

3.8 


pasture (Fig. 286) ; replenishing the supply of organic matter (Fig. 287) ; 
and rotating with soil-building legumes. 
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Southern Ozarks 

The Southern Ozarks area comprises that part of Arkansas lying 
between the northern or limestone portion of the region and the Coastal 
Plain, together with an extension into eastern Oklahoma. The Boston 
Mountains, Arkansas Valley, and Ouachita Mountains are the three most 
important subdivisions. The country is characteristically hilly to moun- 
tainous over the greater part of the interior of the Boston and Ouachita 
Mountains and rolling to hilly over most of the marginal area, interior 
basins, and broader valleys. Numerous scattered areas, in both the interior 
and the border sections, have favorably undulating or gently rolling 
topography, and some of the mountain masses are capped with relatively 
smooth land. The Arkansas Valley, a broad structural depression, con- 
tains the important alluvial plain of the Arkansas River, together with 
considerable smooth land in the bordering strips. 

In general, the Southern Ozarks consists of a series of roughly parallel 
divides of an east- west trend, separated by narrow, smooth-floored 
valleys. It is thoroughly stream dissected. The rugged topography, in 
combination with numerous areas of stony, shallow soil, has restricted 
cultivation, generally, to the lower slopes; the stream bottoms; and the 
smoother portions of the valleys, basins, and marginal areas. Most of the 
rougher country is forested. In many localities, stave and lumber mills 
serve as an outlet for merchantable timber and add materially to the 
farm income. 

The upland soils are derived from the weathering of sandstone and 
shale and for the most part have grayish sandy loam to silt loam surface 
soils and red clay subsoils (HanceviUe group). Some of the smoother 
valley-floor areas, derived from fine-grained material, have yellowish 
subsoils (Conway soils). Depth to bedrock is frequently less than 3 feet, 
sometimes only a few inches over the steeper slopes. The smoother lands 
are much deeper. Generally, these soils are of moderate virgin produc- 
tivity. Under the conditions of erosion prevailing over most of the culti- 
vated slopes, much land has been lowered in productivity, in degree 
ranging from moderate to severe. Not only is land stripped of its topsoil 
much less productive, but crops suffer seriously on it from the effects of 
even short periods of dry weather. The alluvial soils are generally highly 
productive and are largely in cultivation. Some tracts of imperfect drain- 
age are best suited to grass. 

Farming is based chiefly on the production of cotton, with enough 
feed and food crops grown on many farms to supply home needs. ^ 

^ For further discussion of physical, economic, and social conditions in the Northern 
Ozark area, see Carl 0. Sauer, The Geography of the Ozark Highland of Missouri, Geog. 
Soc. of Chicago, Bull. 7, 1920. 
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On the basis of data obtained from farm surveys in the soil and water 
conservation projects. Table 44 shows the condition of erosion on the 
various slope groups for the major types of land use. The survey results 
indicate that about 56 per cent of the cropland (including idle land) has 



Pig. 288. — Above, new terrace in eroding field of sandy loam soil, Southern Ozarks; 
below, same terrace stabilized with rye and vetch. (Photographs by Soil Conservation Service.) 


a slope of less than % per cent and that 59 per cent has lost half of its 
surface soil. The indicated decrease of erosion on the steeper areas is 
due to the fact that most of the cultivated steep land was recently cleared 
and has not been subjected to erosion long enough to produce severe 
soil washing. 
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Soil Conservation 

Interest in erosion control has greatly increased as the result of the 
accomplishments in the soil and water conservation demonstrations 
recently established in various parts of the Ozark Highlands. In addition 



Pig. 289. — Above, rapidly enlarging gully on Hanceville fine sandy loam soil, near 
Waldron, Arkansas, 1936; below, same gully, 1937, filled in and stabilized with grass, 
serves (l) as a channel for safe disposal of water from terraces on adjacent land and (2) 
as a source of hay. {Photographs by Soil Conservation Service.) 

to this demonstrational eflEort, in Arkansas the farmers have organized 
a number of soil conservation districts. 

In the fight against erosion, farmers not only are readjusting their 
fields and practices, but many are even changing their type of agriculture. 
Such measures as retirement of steeply sloping, highly erodible land to the 
protection of grass or trees; improvement of pastures and woodlands; 
rotating, contouring, strip cropping, and terracing cultivated land (Fig. 
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288) ; and control of gullies are being installed over entire farms. Numer- 
ous gullies have been effectively controlled, some of them converted into 



Fig. 290. — Bermuda grass hay cut from waterway, which was sodded to take care of 
runoff from ends of terraces on adjacent slopes. Southern O^arks. {Photograph by Scdl 
Conservation Service!) 


Table 44. — ^Extent of EROsioisr by Slope Classes for the Major Types 
OF Land Use in the Southern Ozarks 


Slope range, 
per cent 

Per cent of 
total 

Extent of erosion, per cent 

None 1 

Slight 

Moderate j 

Very severe 

/ 0 to 2 

55.9 

10.6 

26.2 

59.1 

4.1 

J 2 to 8 

38.1 

1.9 

6.4 

76.8 

14.9 

& J 8 to 12 

3.7 

0.9 

6.0 

67.5 

25.6 

^Over 12 

2.5 

4.5 

60.2 

23.9 

11.4 

^ / 0 to 2 

53.4 

14.0 

44.6 

38.7 

2.7 

|3 2to 8 

31.7 

0.8 

15.9 

67.1 

16.2 

1 1 8 to 12 

7.3 

0,0 

15.7 1 

69.0 

15.3 

^ ^Over 12 

y.6 

0.0 

38,1 

46.6 

15.3 

|/0to 2 

23.2 

37.9 

56.9 

4.7 1 

0.5 

=g j 2 to 8 

19.3 

28.1 

56.8 ! 

12.7 ' 

2.6 

o j 8 to 12 

12.0 

31.8 

56.4 ! 

9.5 

2.3 

^ ^Over 12 

45,5 

14.5 

79.8 

5.3 

0.4 


waterways for conducting runofif water from terraces safely downhill 
(Fig. 289). Also, many unproductive depressions have been sodded with 
grass for water-disposal outlets (Fig. 290). 
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By September, 1938, work of this kind had been completed or was 
under way on 652 cooperating farms, comprising almost 82,000 acres in 
the Northern Ozarks area, and on 1,200 farms, comprising 155,000 acres 
in the Southern Ozarks. Crop rotation and contour cultivation have 
been established on more than 50,000 acres; 50,000 acres have been strip 
cropped; many thousands of acres have been terraced; 14,000 acres have 
been turned from clean-tilled crops to permanent hay; 13,000 acres have 
been planted to trees; and more than a hundred stock-water ponds have 
been constructed. Many miles of fence have been constructed to protect 
new plantings of trees, grass, and wildlife shrubs. 

In addition to this work on farm land, state and Federal forestry 
agencies have done much to protect forests from fire. Approximately a 
million and a half acres of forest land in Arkansas are owned by the United 
States, and two million by the state. These lands are being managed on 
a basis of furnishing a permanent output of wood products. 

The program of the AAA has resulted in a direct contribution to soil 
and water conservation on much farm land throughout the Ozark High- 
lands. Benefit payments to individual landowners for planting grasses 
and legumes and for reducing acreages of erosion-permitting crops have 
done much good. The work of the FSA in assisting tenant farmers has 
started many poorer farm families in the direction of better farming and 
a better opportunity in life. 





Chapter XXXV. The Great Plains 


General Features 

The Great Plains region embraces the vast area of plains country 
lying between the Pocky Mountains on the west and, roughly, the 98th 
meridian on the east (Map 1^). Extending from Canada to the Edwards 


F2~ Northern Plains 
o-BlaCk Ploins 
b-Dork Brown Plains 
c- Brown Ptoins 
d-Pierre Shale Areo 
e-Blabk Hills Area 
F3~Nebroska Sortd Hills 





Southern Pfoins 

° L 0 D 

0 -Red Plains 

b-Dork Brown Ploins 
c-Brown Plains 

1 FIC 


Map 12. — ^Problem area of the Great Plains Region. [Soil Conservation Service!) 


Plateau, near San Angelo, in central Texas, it is approximately 1,^00 
miles long and in width varies from about 380 miles along the northern 
New Mexico-Oklahoma line to something over 700 miles along the 
Canadian boundary from northeastern North Dakota to the Eocky 
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Mountains. The eastern foot of the Rockies forms a generally distinct 
western boundary, but the eastern border is not so sharp, having been 
variously defined in terms of climate, soil, and natural vegetation.^ The 
region, including the Black Hills, comprises approximately 352 million 
acres, or about one-sixth the area of the United States. 

From west to east, the color of the soils usually becomes darker, the 
rainfall heavier, and the subsurface layer of lime carbonate accumulation 
thinner. Finally, a line is reached east of which the leaching effect of the 
heavier rainfall has prevented the formation of a definite caliche layer. 
This line marks the boundary between the pedalfers, or humid soils, and 
the pedocals, or subhumid soils. Although not everywhere sharply defined, 
it also marks the boundary between the plains and prairies and delimits 
the western edge of the eastern humid region. 

Over the less dissected, or major, portion of the Great Plains, the 
surface is prevailingly level to undulating or gently rolling. Along many 
of the major drainages, such as the Canadian, Cimarron, and Arkansas 
Rivers, the topography is characteristically rolling or hilly to rough and 
broken. Such areas, together with the badlands of the Dakotas, Montana, 
and Wyoming, are too rough generally for cultivation. They are best 
suited to grazing. In the more southerly areas, as along the drainage 
lines of the Panhandle section of the Southern Plains, the rough lands, or 
“breaks,” constitute some of the best range lands of the entire region. 
Sand-dune areas of moderately rolling to hillocky topography are found 
in a number of localities, especially in the southern sector. Because of 
their susceptibility to blowing, these areas also are best suited to grazing.^ 

In general, the surface rises gradually toward the west from an ele- 
vation of about 1,000 to 2,000 feet above sea level along the eastern 
border to about 3,500 to 6,000 feet along the base of the Rockies. The 
southern and central portions of the region are considerably higher than 
the Northern Plains. For example, along the northern New Mexico- 
Oklahoma line, the elevation rises from about 1,200 feet on the east to 
approximately 6,000 feet on the west, whereas the corresponding range 
along the Canadian line is from about 1,000 to 3,500 feet. In the Southern 
Plains, the proportion of smooth land is considerably higher than in the 
northern sector, where, in addition to many small and large isolated areas 
of badlands, every major stream and mountain area is bordered by a belt 
of hilly or severely broken country, usually of badland character. About 
half the area of the Great Plains is suflSciently smooth for easy use of 
any kind of improved farm machinery, having a flat or nearly flat surface, 

^ The Future of the Great Plains: Eeport of the Great Plains Committee. 76th Cong., 
1st Sess. House Doc, 144. 

2 Whitfield, C. J. Sand Dunes of Recent Origin in the Southern Great Plains, Jour. Agr. 
Research, Vol, 56, No. 12, 1938. 



728 


soil. CONSEBVATIOK 


often featureless with respect to relief as far as one can see. The other 
part is too steep or rough for any practical use aside from grazing. 

Most critical among soil characteristics in their effects on land use are 
texture, structure, and depth. These greatly influence the water-absorb- 
ing and water-holding capacity of the soils. Differences in texture account 
for important local variations in availability of soil moisture and crop 
adaptability. Soils with fine-textured surface material, such as clay or 
clay loam, have high power to retain water once it is absorbed, but infil- 
tration is so slow that much of the precipitation serves no productive 
purpose, because it is lost in runoff or through evaporation. Hence, 
yields from '‘heavy*’ soils have a tendency to be more seriously affected 
by prolonged drought than those from the more permeable coarser 
grained soils. Those soils having shallow depth over beds of gravel are 
of low productivity because of excessive droughtiness resulting from 
rapid loss of moisture by percolation. Also, shallow soils over rock or 
caliche are inclined to be exceptionally droughty.^ 

For the most part, the soils are relatively high in plant nutrients. As 
regards productivity, water is the principal limiting factor. Occasional 
areas, usually impermeable shale-derived clay, are too saline for the growth 
of anything but salt-tolerant plants. The coarser sands and shallower 
soils are the least desirable of the smoother, uneroded lands because of 
their lower productivity and greater susceptibility to blowing. The 
tough clay lands ("gumbo”) are not only diflicult to handle but sus- 
ceptible to gullying and are often excessively salty. Wind erosion reduces 
the productivity of all soils slowly or rapidly, depending on their sus- 
ceptibility to blowing. If uncontrolled, it not only strips off the more 
productive topsoil but piles troublesome hummocks and sheets of drift 
over neighboring areas to damage or smother plant life and to reduce 
productivity, especially where the finer wind-assorted particles have 
blown away. Drifting material also blocks highways and accumulates 
around buildings and over farm machinery. 

Generally, the Great Plains in its virgin condition was a region of 
grasses, devoid in most places of trees. Recent trials have indicated, 
however, that certain species of trees will survive and mature in the 
more favorable situations if not destroyed by grazing, fire, or other means. 
Early pioneers noted a decrease in the height of vegetation as they moved 
westward toward the mountains. Predominantly, the vegetation consists 
of drought-enduring species able to enter a moisture-scarcity rest stage, 
when necessary, and to produce seed in a remarkably short time in seasons 
of favorable moisture. Grama and buffalo grass ("short grasses *0 ^.re 
the most conspicuous species, but the taller grasses characteristic of the 

^ See Leigiiton, M. M. Geology of Soil Drifting on the Great Plains, Sci, Monthly^ July, 
1938 . 
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region of more abundant moisture to the east are present in a subordinate 
role. They become prominent, as a rule, only during the occasional humid 
years, if not overgrazed. In the sandy areas where the soil moisture is 
more readily available, the tall grasses of the prairies are commonly 
found, together with such woody plants as sage, wild plum, and sliinnery 
oak. 

The taller grasses suffer most during years of deficient rainfall as well 
as from overgrazing and other abuses. The present dominant species — the 
short grasses — exist probably because they alone were able to survive 
misuse. In any event, attempts to delimit the boundary between short 
grasses and tall grasses have not been very successful because of its 
indefiniteness and its tendency to shift widely with variations in rainfall. 
This makes it impracticable to draw a definite “grass line’’ through the 
area where the Plains merge with the central prairies of the Mississippi 
VaUey. 

Land-use problems of the Plains arise largely from the climate of the 
region. The most important factor is the light and uncertain rainfall 
which impedes or precludes the establishment of a sound agricultural 
economy except through careful adjustment to physical conditions. The 
irregular but persistent recurrence of severe drought, the susceptibility 
of bare or thinly vegetated land to wind erosion, and the general failure 
of settlers to adjust their agricultural practices to these hazardous con- 
ditions are chiefly responsible for the peculiar problems and the economic 
maladjustments that characterize the Great Plains. 

The average annual precipitation is less than 20 inches, whereas in 
most of the other large agricultural areas of the United States the aver- 
age is 30 inches or more. This general deficiency in moisture, rainfall 
variability, and susceptibility to soil blowing are the most critical 
factors in the permanent agricultural occupation of the Plains, since 
these constitute the basis of most of the agricultural risks of the region. 
Sections that are humid or subhumid in some years are semiarid or arid in 
others.^ Marked variations occur not only from year to year but also in 
irregular periods, or cycles, of several years’ duration. 

Were it possible to foresee shifts in climatic conditions and to adjust 
cropping plans accordingly, the risk involved in the operation of farms 
and ranches could be reduced notably. This is not yet possible, but it is 
possible and highly practicable to use measurements of the moisture 
content of the soil at seeding time as a guide for cropping plans. 

In no other part of interior United States are prevailing wind veloc- 
ities so high as in the Great Plains. Throughout most of the region, 
velocities average 10 to 12 miles per hour, but the average may run as 

^ Thornthwaite, C. Warren. ‘"The Great Plains.” Chap. V, in Goodrich, Carter, et al. 
“Migration and Economic Opportunity,” 1936. 
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high as 16 to 18 miles an hour in some localities. This high rate of air 
movement increases evaporation, intensifies droughts, and promotes 
blowing in bare fields and overgrazed areas. 

Climatic variability affects not only current yields but the extent of 
plantings in following years. Crop yields fluctuate widely in the Plains. 
The yield of corn ranges from almost nothing to 40 bushels or more per 
acre, and that of wheat varies from around 5 to more than 30 bushels 
per acre, over entire states. In the drier areas, yields show even greater 
variations, with a higher percentage of failures or near failures. 

The unreliability of the water supply is one of the major hazards in 
many parts of the area. The drying up of springs, wells, and water holes; 
the necessity of hauling water for stock; the removal of stock from 
drought-stricken areas; and the final abandonment of farms for want of 
water have recently presented evidence of the serious effects arising from 
this hazard. 

Contrary to popular opinion, there is no evidence that breaking out 
of the range in the Plains country or the drying up of lakes and ponds 
has reduced the average precipitation. Modes of cultivation dominant 
in the region have tended, however, to intensify the serious effects of 
periods of deficient precipitation. Physical alteration of the soil and 
depletion of organic matter through deterioration and erosion have 
resulted in increased moisture losses by runoff and evaporation, thus 
reducing the amount of moisture available for plants. Moisture-con- 
serving methods of farming will serve on nearly every area adaptable to 
farming to ameliorate the effects of drought. 

Recent experiments indicate that periodic measurements of soil 
moisture and planting only when moisture is adequate will generally 
result in higher average yields in most sections of deficient rainfall.^ 
On some of the heavier soils, alternate planting and fallowing have given 
favorable crop returns in certain localities. It cannot be emphasized too 
strongly that the success of an agricultural economy in the Great Plains 
area pivots primarily on effective utilization of aU the rainfall that can 
be conserved by practical cultural measures. 

Among various other problems of the Plains calling for solution are 
the need for marked reduction in the acreage of cash crops along with 
increased production of livestock, in such localities as eastern Colorado 
and western Kansas; increased size of the farm unit to permit economic 
livestock operations; reduction in the size of some large holdings of 

^ Hallsted, A. L., and Mathews, 0. R. Soil Moisture and Winter Wheat with Sugges- 
tions on Abandonment, Kansas Agr. Exper. Sta. Bull. 278, 1936. Clements, F. E., and 
Chaney, R. W. Environment and Life in the Great Plains, Carnegie Inst. Washington 
Supplementary Pub. 24, 1936. And Thornthwaite, C, Warren. “The Great Plains.” Chap. V, 
in Goodrich, Carter, et al. “Migration and Economic Opportunity,” p. 221, 1936. 
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cultivated land to permit better care of the land; and adjustment of 
fettering debt and tax conditions. 

Water in the Great Plains 

Paucity of water is the most striking characteristic of the Great 
Plains. Husbandry and intelligent use of available supplies of water are 
necessary if the Plains area is to sustain an economic development per- 
manent in character, free from violent fluctuations, and conducive to 
wholesome conditions of life. 

Surface Waters. The principal streams of the Great Plains origi- 
nate in the Rocky Mountains and flow in a southeasterly direction. Such 
rivers as the Missouri, the Arkansas, and the Canadian are perennial in 
character although subject to great fluctuation in volume. Many of the 
Plains streams are of intermittent flow, carrying flashy floods in spring 
and summer but usually dwindling or drying up in winter. 

Those streams of substantial perennial flow are a dependable source 
of water for irrigation; but in the basins of most such rivers, additional 
storage would be required for the reclamation of new lands. Generally, 
the streams originating in the Plains are not dependable sources of water 
for highly developed irrigation practice, unless large amounts of storage 
are provided. 

Irrigation with surface water has been undertaken chiefly along the 
perennial streams, and it is the opinion of specialists that development 
in this direction pretty largely has been carried to a point where the 
minimum flow is scarcely sufficient to provide the required water, except 
perhaps on the Missouri. Storage, however, has not been developed to its 
maximum in most sections. Irrigation with surface water has not been 
practiced generally in the eastern portion of the Plains, although depend- 
able supplies of water could be obtained in some instances. Surface water 
impounded in small reservoirs is the only practical source of water for 
stock over large areas of the Northern Plains.^ 

Results obtained on clay loam soil of 2 per cent slope at the Spur, 
Tex., Experiment Station in the Red Plains area of the Great Plains show 
the following average annual losses of soil and water for the 1^-year 
period 19^6-1937 (total average annual rainfall for period, ^0.78 inches): 



Water, 

8 oil. Tons 


Inches 

'per Acre 

Buffalo grass 

0.90 

1.29 

Milo 



3,77 

Cotton 



7.03 

Fallow 

4.^8 

8.67 


1 Report of the Great Plains Committee. 75th Cong., 1st Sess. House Doc. 144., 



73 ^ 


SOIL CONSEBVATION 


These results show that water erosion is destructive on very gentle 
slopes and that loss of rainfall as runoiBP runs to a high percentage of the 
total rainfall. From a 1 per cent slope of the same soil, the losses for the 
corresponding period at Spur were 3.13 inches of water and 537 tons of 
soil per acre under cotton production. This easily avoidable waste of 
water from a 1 per cent slope if utilized by cotton plants would be suffi- 
cient to produce an average of about 95 pounds of lint cotton per acre 
annually. Water now running to waste throughout the region generally 
could be saved or largely saved and turned to practical use in fields and 
on the range. 

The results above indicate that under conditions similar to those 
obtaining at Spur, fallowing is a comparatively extravagant practice 
with respect to both erosion and loss of water by runoff. In other localities, 
summer fallowing appears to be a good practice on soils heavy enough to 
develop a cloddy surface or where stubble of the preceding crop can be so 
handled in plowing that a considerable part of it remains above the sur- 
face as a wind screen. In all water-conservation plans, especially on 
sloping land and in the construction of reservoirs or stock-water ponds, 
provisions must be made for taking care of runoff from the intensive 
rains (‘"cloudbursts’’) so characteristic of the greater part of the area. 
These intensive rains seem to be especially typical of a belt immediately 
east of the higher mountains. 

Ground Waters. Ground-water supplies in the Great Plains are 
found both near the surface and at considerable depths. The shallow 
supplies generally are found in alluvial areas, glacial drift, and sedi- 
mentary beds other than clayshales such as the Pierre. The deep-water 
deposits are encountered in water-bearing sands confined either by rock 
or by clay beds. The depth of such water varies considerably through the 
Southern Plains, being exceptionally near the surface in such areas as the 
Plain view and Hereford sections of the Texas Panhandle. 

Ground water is used extensively for domestic, municipal, and stock- 
water purposes in some parts of the region and locally for irrigation in the 
Southern Plains. Future irrigation with water from alluvial sands in 
river valleys can be expected in those areas where pumping is now taking 
place. In addition, some irrigation with ground waters as well as surface 
waters may prove feasible in certain areas along the eastern margin and 
in the northern part of the Great Plains. Water for livestock can be 
obtained generally over the southern half of the region from deep wells; 
but over great areas of the northern half, the depth to water-bearing 
formations is prohibitive under present conditions, so that dependence 
must be very largely on small artificial storages of surface water. 

The problem of depletion of water supplies is discussed in the Report 
of the Great Plains Committee referred to previously. 
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Historical Aspects 

When Denver was settled in 1858, a vast sea of grass extended east- 
ward for hundreds of miles, short grass predominating immediately to 
the east, and beyond it the tall grass of the Plains border and prairies. 
Herds of buffalo migrated with the seasons from northern to southern 
pastui-es. With the coming of white man and the extension of railroads 
across the plains, these animals were slaughtered in countless numbers 
for their hides and tallow. Wanton destruction of the buffalo was a 
prelude to the land exploitation that followed. 

First came the cattlemen. After the Civil War, the central and north- 
ern Great Plains were stocked with longhorn cattle from the ranges of 
Texas; thousands of animals were driven over long trails to the markets 
or shipping points of the North. Profits were good at first; speculation 
followed. By 1890, much of the Plains was stocked to capacity; and during 
the 5 subsequent dry years, the range was seriously depleted. Cattle 
died by the thousands, and investors both in the East and in Europe 
suffered tremendous losses. 

Farmers gradually followed the cattlemen. As the humid lands farther 
east were settled, agriculture pushed westward, encroaching on the 
range despite protests from the ranchers, who temporarily convinced 
many persons that the Plains area was not all suited to agriculture. In 
some localities, the land was divided into small farms to preclude specu- 
lation, but the 160-acre tracts allotted under the Homestead Act generally 
were too small to support a family under subhumid climatic conditions. 
During periods of heavier than average rainfall, however, farmers forgot 
past droughts and ignored the limitations imposed upon them by small 
farms. They often stated, and frequently believed, that ‘‘rainfall followed 
the plow” and that each new mile of railroad constructed was an added 
guarantee of moisture. The Timber Culture Act of 1873 was passed in the 
hope that tree planting also would increase rainfall. Farming steadily 
moved westward; more and more sod was broken; and the organic con- 
tent of the soil was dissipated by cultivation and oxidation. 

When the sod was first broken, wind erosion was negligible, and crops 
usually were good; but during the first drought, thereafter, drifting and 
dust storms, “sand storms,” frequently plagued the West, For more 
than 50 years, individual Plains farmers have faced the menace of 
recurring drought and wind erosion. Recent dust storms are merely the 
accumulated result of long-continued exploitation, intensified by an 
unusually severe and protracted drought. 

Most of the Plains was settled so slowly that soil blowing developed 
gradually, but Oklahoma presents a sharp contrast to this step-by-step 
progress. Its agricultural development waited until the various Indian 
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reservations were opened to settlement. The land then was taken up 
rapidly, was cultivated, and presented a serious problem of wind erosion 
within a period of less than 10 years. During this short time, the farmers 
of what was then the Indian Territory developed through necessity a 
variety of means for checking soil drift. Most of them served good pur- 
poses in some places, and some proved helpful rather generally, yet the 
problem increased to proportions beyond control by individuals. This 
rapid development emphasized with special clarity the relationship be- 
tween land utilization and the erosion hazard. 

Soil drift was aggravated by economic necessity. Most of the original 
homesteaders lacked capital and had to grow cash crops, which usually 
were conducive to erosion. In periods of drought, crop failures were fre- 
quent. When the homesteaders failed, they were followed by short-period 
tenants to whom immediately profitable harvests also were necessary. 
Neither owners nor tenants could survive without cheaply produced 
cash crops. 

The hazard introduced by cultivation and destruction of the native 
sod was increased by climatic conditions. In Oklahoma, as in other sec- 
tions of the Great Plains, droughts and periods of more than average 
rainfall recur at irregular intervals. Much of the year’s precipitation 
frequently falls in a single month of spring or early summer; and in some 
localities, 15 per cent or more of the year’s total commonly falls in an 
hour. Within a single season, farmers encounter problems of both water 
and wind erosion. In general, however, wind erosion is a major menace 
only in the western part of the state, whereas water erosion is state-wide 
although most destructive in the eastern and central sections. 

Wind erosion attracted attention first because dust, clouds were con- 
spicuous. In 1893, when the Cherokee Outlet was opened, incoming 
settlers were greeted by dust storms that began about Sept. 10 and lasted 
2 weeks. The dust evidently was blown from older cultivated areas 
beyond Oklahoma, but the storm itself should have served as a warning. 
Local drifting frequently began within S or 3 years after the land was 
plowed, especially where soils were sandy. Prom the first, warnings were 
sounded by a few experienced men, but they generally went unheeded. 
During the period 1887—1901, the rainfall was heavier than average. 
Dust storms occurred, but they were less frequent, less severe, and briefer 
than they had been. 

During the dry period of 1901-1904, dust storms increased in numbers 
and extent, affecting much of the plowed land in western Oklahoma. Local 
soil movement increased to such an extent that the numerous swirls 
merged into dust storms of large proportions. Farmers who had never 
before experienced soil drifting began to complain. No longer could the 
problem be regarded as one to be solved by individuals. 
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From 1905 to 1908, the rainfall again was above normal, and again 
the reports of drifting decreased, only to be revived once more during 
the dry period of 1909—1914. Drifting soil frequently covered entire fields 
of growing crops. In addition, the sand blew with such force that it often 
cut down young plants. A farmer in Major County reported that in 
3 different years his alfalfa crop had been ruined in this manner. 

The evils of wind erosion were not entirely ignored. As early as 1900, 
Professor A. M. Ten Eyck described the processes of deterioration that 
led to widespread soil drift: 

“When the wild prairie is first broken, the soil is mellow, moist and rich, 
producing abimdant crops. After a few years of continuous cropping and cultiva- 
tion, the physical condition of the soil changes; the soil grains become finer; the 
soil becomes more compact and heavier to handle; it dries out quicker than it 
used to; bakes averse. . . . After a soil has been cultivated and cropped a long 
time, it tends to run together and is very sticky when wet, but when dry the 
adhesive character disappears almost entirely. The grass roots which formerly 
held it together are decayed and gone, and now when loosened by the plow it is 
easily drifted and blown away.”^ 

In general, cover crops were regarded as the best means for controlling 
wind erosion. Various grasses, drought-resistant forage crops, and dry- 
farming cultural practices, such as listing, were used. These did some 
good, at least locally. Bermuda grass, which was esteemed chiefly for its 
ability to hold the soil and prevent washing, was used by an occasional 
farmer to control both wind and water erosion. Alfalfa was regarded with 
special favor because it produced several crops of hay during a single 
year; but it was difficult to establish. Fall and winter winds often blew 
the seed from sandy fields; when good stands were obtained, the blowing 
sands of spring sometimes cut the plants to pieces. This was overcome, 
to some extent, by the use of a nurse crop. Many farmers sowed oats or 
sorghum in the spring and harvested the feed in August, leaving a stubble 
5 or 6 inches high. Alfalfa was then sowed in the stubble. The fall growth 
usually was killed by early frost but was left standing for protective pur- 
poses. Some farmers combined oats with alfalfa in spring planting, but 
others preferred cowpeas because they both held the soil and improved it. 
Kafir, sweetclover, and even wheat were tried. In some places, cropped 
fields were alternated with fields of native meadow or tame grass. In 
other regions, 10 rows of kafir were alternated with 10 rows of some 
contrasting crop. 

Dead covers were used as well as living ones. The farmers of some 
sections spread manure on plowed or harvested fields. A smaller number 
of operators scattered straw and other trash, pressing them into the 

^Ten Eyck, A, M. Grasses, Kansas State Agr. Exper, Sta., Bull, 175, January, 1911. 
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soil with disks. Stubble proved to be effective and cheap, yet neither it 
nor the other dead covers achieved general acceptance. The majority 
of farmers raked together all such litter and burned it, thus both destroy- 
ing the protective cover and diminishing the humus supply of the soil. 

Thousands of forest plantings were made in Oklahoma before 1907, 
originally in the hope that trees would bring rainfall. By the time that 
that theory was exploded, the habit of planting trees was somewhat 
ingrained, and the use of trees as windbreaks was continued by a con- 
siderable number of farmers. Among the trees most used were Russian 
mulberry, black locust, osage orange, and tamarisk. Much care was used 
in getting the trees started and, later, in cultivating them, but water was 
not artificially applied. A considerable number weathered the droughts, 
especially in situations most favorable to retention of rainfall and 
melting snow. 

Cover crops generally were not cash crops, and the latter, as stated 
above, were necessary to the Oklahoma farmer. The dry-farming boom 
greatly increased the acreage of cultivated plants. Dry farming, intro- 
duced at the end of a period whose rainfall was below average and 
coincident with a period of heavier rainfall, captured the imagination of 
the Oklahoma farmers and was hailed as the savior of agriculture on the 
Plains. The decrease in blowing during the second half of the nineties 
was, to a considerable extent, credited to dry farming; and it was said 
that H. W. Campbell, the method's chief advocate, had proved that 
drifting soils could be made practically stationary, ^ 

Campbell’s methods of dry farming, whose principal element was 
soil mulching by cultivation, succeeded in some places. Its big mistake 
was the assumption that a single method of cultivation was applicable 
universally, under all climatic conditions and on all types of soil. When 
dry periods recurred, blowing was increased, not only because the cul- 
tivated area was extended but because the soil too often was left in a bare 
and finely pulverized condition favorable to wind movement. Campbell 
had recommended that the soil when plowed be left in a small cloddy" 
condition, but that was impossible on loose, sandy land. Although the 
system as a whole fell into disuse, certain elements of it continued in 
general practice and were modified to permit cultivation with a minimum 
amount of blowing. Deep fall and winter plowing thus persisted, though 
it was not recommended for loose, sandy land. Even on other lands, its 
effectiveness frequently was modified by climatic conditions during the 
winter. If the season turned out to be relatively wet, fall plowing proved 
satisfactory. If it did not, danger of blowing increased. 

Gradually, the lister replaced the turning plow, especially in spring 
planting. Crops were planted in the furrows which, where they followed 
^ Campbell, H. W. ^‘Soil Culture Manual.” Billings, Mont. Revised 1917. 
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the contours, served as reservoirs for rainfall. The intervening ridges 
made miniature windbreaks and were not entirely cultivated down until 
growing crops protected the soil. 

The disk harrow was almost as popular as the lister. Both were 
originally designed to conserve moisture, and both emerged as tools for 
controlling soil drift. The disk w’^as used to roughen the soil; as a sub- 
stitute for a packer; and to press stubble, trash, or manure into the 
ground. In many places, the use of the disk temporarily checked blowing, 
and it was considered the best tool available for that purpose. 

During and immediately following the World War, mechanized agri- 
culture developed, spreading rapidly across the Plains. Machines en- 
abled the dry-country farmer to grow^ wheat at less than half the cost of 
production in the rougher but more humid lands to the east — at least, in 
years of favorable moisture. Low costs encouraged land speculation, and 
enormous new areas were planted to wheat. With the development of 
labor-saving machinery, farming often became a part-time job. A crop 
could be planted and harvested in 6 weeks, and farmers could spend the 
remainder of the year in other w^ork. With two sources of income, they 
could afford to gamble on the weather in areas where full-time farming 
had not been economically possible. 

Between 1920 and 1930, land values fell throughout the country; but 
in the High Plains of Kansas, Oklahoma, Texas, and other parts of the 
Plains, prices soared, and population increased. From 1924 to 1929, crop- 
land in the Great Plains increased by nearly 15,000,000 acres. This 
expansion was the immediate prelude to the major dust storms that 
accompanied drought in the 1930’s. 

Although some Oklahoma farmers curbed or attempted to curb soil 
drift, their example was not followed widely, even in that state. No 
attempt was made to develop a coordinated plan of erosion control in- 
volving treatment of the various types of land, existing under different 
climatic conditions, according to their individual needs and adaptabilities. 
Some of the measures that were used extensively were used improperly. 
Listing, for example, was seldom on the contour, except by accident, 
so that one of its greatest values was missed — ^that of conserving 
rainfall. 

In other parts of the Plains, such protective measures as strip crop- 
ping were employed to some extent. On the whole, however, attempts to 
control erosion were pitifully meager. Countless farmers did nothing to 
hold the soil or conserve the rainfall. On the other hand, a great deal was 
done in the opposite direction, such as cultivating up and down the 
slope, burning or overgrazing crop stubbles, and plowing for seeding at 
times when the meager content of moisture in the soil indicated little 
opportunity to produce a reasonable yield. 
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Although surveys of soil and erosion conditions, together with farm 
experience and soil and water conservation work on many widely dis- 
tributed typical farms, show that a large aggregate area used for wheat 
should be retired permanently to grass and that other areas devoted to 
continuous wheat cropping should be farmed under a rotation system 
that would further reduce wheat acreage. Census figures indicate that 
these necessary changes have not been made. Table 45 below, based on 
census records of four Plains states where wheat is grown widely and 
where the livestock industry has long been important, shows (1) the 
trend with respect to acreage in wheat for the years 19^4, 1929, 1934, and 
1938 and (2) the number of sheep and cattle on the farms of these states. 

Drought, low prices, and the program of the AAA had much to do 
with the reduction in wheat acreage in 1934. Moreover, the increased 
wheat acreage of 1938 would have been even greater but for the AAA 
program. Drought conditions were largely responsible for the livestock 
reduction between 1934 and 1938. 


Table 45. — Acres Planted to Wheat, and Numbers of Cattle and Sheep 




Montana 

North 

Dakota 

South 

Dakota 

Nebraska 

1924 

j Wheat 

3,199,000 

1 8,674,000 

2,417,000 

3,182,000 

( Cattle and sheep 

3,510,000 

1,652,000 

2,666,000 

3,930,000 

1929 

{ Wheat 

4,771,000 

10,694,000 

3,758,000 

4,047,000 

f Cattle and sheep 

5,174,000 

2,063,000 

2,797,000 

3,151,000 

1934 

^ Wheat 

3,737,000 

9,210,000 

3,035,000 

3,373,000 

i Cattle and sheep 

5,353,000 

1,959,000 

2,952,000 

3,920,000 

1938 

5 Wheat 

4,879,000 

10,025,000 

3,701,000 

5,041,000 

( Cattle and sheep 

3,783,000 

2,052,000 

2,891,000 

3,708,000 


Needs of Region from Standpoint of 
Soil Eind Water Conservation 

Emergency measures for controlling wind erosion on the Plains usually 
have been practiced after the soil begins to move. They take effect 
immediately and afford protection for indefinite periods, which generally 
are brief. They consist principally of tillage operations which roughen 
the surface by listing or plowing up resistant clods from the compact or 
fine-textured subsurface. 

It is very nearly true in the Plains that as long as the organic content 
of the soil remains low, all tillage measures for wind-erosion control are 
emergency measures. It is also generally true that only a permanent 
cover of vegetation can afford more than temporary relief on deep, loose, 
sandy land and on shallow soil. 
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Replenishment of the organic supply in cropped soils is greatly needed. 
Probably the most practical way to meet this need will be through crop 
rotation. Thus far, the principal rotations that have been practiced on 
the demonstration projects of the Southern Plains are (1) sorghum-cotton 
(or corn) for the lighter soils and (£) wheat-sorghum for the heavier 
lands. Owing to the highly variable climate, a certain degree of flexibility 
in these rotations is necessary. Undoubtedly, rotations would be more 
effective with respect to restoration of organic matter if grass could be 
introduced into the crop succession. Further experience is needed, how- 
ever, as to methods of seeding and the best grasses to use. 

Under conditions of the Northern Plains, the problem is not so diffi- 
cult, since it appears to be generally easier to establish grass. Good rota- 
tions, including small grain, corn, and grass, have been established 
recently on many farms in the soil conservation projects of Montana 
and North Dakota. Crested wheat grass, western wheat grass, and brome 
grass are giving good results here. 

Permanent control of erosion in the Plains involves a combination of 
precautions that will prevent the soil from getting into a condition that 
favors erosion; or, if it is eroding, practices and measures that will restore 
soil stability must be installed. For the most part, such precautions and 
installations are less immediate in their effect, but far more lasting, than 
those of emergency tillage. Unfortunately, permanent control measures 
may not take full effect within a year. Nor is every measure included in 
a permanent system for controlling erosion individually effective over 
the years. Some, such as contour listing and range contouring, may need 
to be repeated or reinstalled; others, such as retirement of erodible land 
to permanent protective cover and the building of dams, are individually 
planned for permanency. Specifically, permanent control involves (1) 
water conservation by detention, diversion and spreading structures, and 
contour cultivation of fields and contour furrowing of range land to pro- 
mote continuity of vegetative cover; (2) the use of protective vegetated 
strips and borders of grass, crops, shrubs, or trees; (3) the adaptation of 
crops and cultural practices to varying topographic, soil, moisture, and 
seasonal conditions; (4) the conservative utilization of increased organic 
residues produced by these measures; (5) the retirement of critically 
erodible areas to permanent vegetative protection; (6) a shift from exten- 
sive cash crop farming to (a) balanced types of livestock operation and 
farming or (b) livestock farming plus the growing of supplemental feed 
crops only; and (7) the proper distribution, rotation, and deferment of 
grazing on range lands and adjustment of numbers to carrying capacity. 

The application of these principles involves the determination of the 
different needs of individual areas; the selection of a particular device or 
combination of devices to afford protection within the limitations of a 
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particular tract of laud; the selection of a combination of devices to meet 
jointly the needs of associated areas of land of diflFerent characteristics; 
and, finally, efficient application and maintenance of the selected devices. 
Also, readjustments in the size of the farm unit will be necessary in many 
instances to establish an economically sound enterprise, especially where 
there is a shift from emphasis on crops to emphasis on livestock. 

The most widespread opportunities for water conservation are to be 
found in runoff prevention on the heavier soils and diversion of runoff 
from wasteland areas to sites of usefulness. Effective use of vegetation 
involves conservative regulation of grazing range land, crops, and 
stubble; the prevention of burning of crop residues; the use of tillage 
methods that allow trash to remain on the ground; strip cropping; and 
protective use of grass for the retirement of critically credible areas. 
The greatest chance to use emergency cover crops probably occurs in 
early summer or midsummer when rains are most likely to fall. The best 
opportunity to utilize border and strip designs is found on soils of favor- 
able moisture retentiveness or in sites where waste water can be utilized 
in the support of windbreak tree plantings and in fields where the erosion- 
inducive or clean-tilled crops are grown or summer fallow is practiced. 
Emergency tillage operations are most likely to be needed in bare or 
thinly vegetated fields and in places where neighboring lands have been 
permitted to reach a condition that favors excessive blowing. In every 
case, when these measures are applied, the Plains conservationist must 
determine what combination of methods is most economical and effec- 
tive. Very rarely can adequate control be achieved by using a single 
method. 

The ability of an economical combination of methods to effect reason- 
able control should determine changes in land use. For example, soils too 
sandy, too shallow, or too infertile to permit economical maintenance of 
adequate vegetative cover from the residues of annual crops must be 
retired from cultivation and turned into grassland if adequate erosion 
control is to be achieved. 

With proper land use and normal soil stability, emergency control 
measures should rarely, if ever, be needed. Farmers facing the problem 
seriously for the first time have found that they need emergency measures 
for temporary respite or xmtil opportunity permits something more last- 
ing. In such circumstances, emergency methods are the first step toward 
permanent control. 

Unfortunately, however, the magnitude of the immediate emergency 
problem in the most seriously affected areas has partly obscured the 
need for permanent control through a farsighted precautionary program. 
Also, such repair work as the leveling of soil drifts and hummocks has 
been looked upon as final. These efforts are worse than useless, however, 
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unless steps are taken to prevent recurrence of troublesome drifts. Indeed, 
this may be said of all emergency control. 

Unless vigorous steps are taken to effect permanent control, emer- 
gency efforts cannot be justified long. The fallacy of reliance on tempo- 
rary methods alone has been demonstrated amply in many parts of the 
Plains during the recent long drought. The fact that farmers have been 
unable to control the situation with these temporary measures shows the 
need for a coordinated permanent program, which, properly directed and 
extended, will prevent recurrence of conditions now spreading in many 
localities. 

Demonstrations carried out on a large scale by the Soil Conservation 
Service in a number of representative localities in the Great Plains show 
definitely that runoff water can be stored by practical farm and ranch 
methods in the more favorable soils in amounts that will contribute sub- 
stantially to increased production of grass and farm crops* Observations 
on both experiment station plots and Soil Conservation Service demon- 
strational areas have shown as much as 300 per cent increase in grass 
production after the installation of complete contour-furrowing systems 
on buffalo-grass land. Experimental data indicate that level terraces and 
contour tillage may increase the available soil moisture for plant growth 
as much as 50 per cent. Experiment station observations show as much as 
49 per cent increase in wheat production over a period of 6 years and a 
40 per cent increase in lint-cotton production over a period of 11 years, 
as the result of level terracing and contour tillage. One year’s observa- 
tions on 9,143 acres within the Dalhart, Tex., demonstrational area show 
a 28 per cent increase in production of grain sorghnms, as the result of 
contour tillage, and a 57 per cent increase as the result of level terracing 
and contour tillage. Every practicable effort should be made to encourage 
the spread of such proved methods to adaptable lands for stabilizing and 
conserving water. The conservation of rainfall and the protection of soil 
from erosion are basic procedures for most farm and range lands of the 
vast Plains region and indispensable to the permanence of agriculture. For 
cultivated land, such conservation measures include, among others, 
contour cultivation and listing, level terracing, contour strip cropping, 
rough tillage, preservation of crop stubbles and residues, building up of 
the organic content of soils, water spreading, crop rotations, and summer 
fallowing. 

Water, in a sense, is the beginning and the end of agriculture on the 
Plains. Plants cannot be grown without it, of course, and vegetation is 
needed to anchor Plains soil against wind. Cultivated soil, depleted of 
binding grass roots and spongy vegetable matter, without water is 
turned into a powdery substance susceptible to easy shifting by wind. 
The plants of the Plains will not grow in shifting soil; shifting of soil 
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cannot be stopped in the Plains without plant coverage. Although rain- 
fall is scant, usually there is enough to make a crop on the more favorable 
lands if none is wasted. Good land use, therefore, requires the retention 
of all possible rainfall on the land as the first step in protecting the soil 
from erosion or restoring it to use after erosion has started; and for this 
reason, conservation of rainfall is the first step toward the maintenance 
of a stable agriculture in the region. 

Some Measured Results of Program 

The following accomplishments, as of June 30, 1938, are indicative 
of the progress of the work of the Soil Conservation Service in the 
Great Plains: 

Since the spring of 1984, the Soil Conservation Service and some 6,^00 
farmers and ranchers of the Plains have been cooperating in a series of 
soil-protection and land-use demonstrations embodying the actual 
application of conservation principles to more than million acres 
of typical Plains land, not including a considerable number of out- 
lying single-farm demonstrations conducted in cooperation with State 
Extension agencies. Seventy-nine separate demonstrations have been 
developed in scattered areas throughout the region. In effect, they pro- 
vide a network of conservation ^^show windows'* in which farmers of the 
Plains country may see conservation practices in operation, learn how to 
apply them to the land, and judge their effectiveness in terms of actual 
results on the land itself. 

Each demonstration area is a distinct entity, selected because of the 
very severity and the representative nature of its land problems. In 
each, a physical inventory of the land has been made by survey experts 
of the Soil Conservation Service. Erosion conditions, as well as the factors 
influencing erosion — ^topography, soils, and land use — ^have been mapped 
in detail. Complete plans for a coordinated program of land treatment, 
involving the application of conservation practices in accordance with 
the differing needs and adaptabilities of each parcel of land have been 
made for individual farms. Farmers and ranchers voluntarily are putting 
them into effect under the guidance of conservation specialists. 

The primary purpose of the work in these selected areas is one of 
demonstration. The introduction of conservation farming practices on 

million acres in less than 8 years’ time, however, represents no incon- 
siderable advance in the better utilization of Great Plains land. 

Before the initiation of the demonstration program, only a few acres 
in the 79 project areas of the Plains region were farmed with a view to 
conservation of water and soil. Today, conservation-farming practices 
are being applied to more than 2,500,000 acres in the same areas and on 
the outlying farms. About 200,000 acres are being strip cropped to retain 
water and protect the soil from wind. Nearly 460,000 acres are being tilled 
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on the contour to conserve rainfall and impede the sweep of wind* 
Contour furrows have been run on some £60,000 acres of grassland to 
conserve water. More than 16,000 miles of terraces — enough to stretch 
more than halfway around the world have been built to hold the moisture 
on some 330,000 acres; when present agreements are completed, nearly 
510,000 acres will be terraced. In the 79 project areas, the acreage devoted 
to clean-tilled, erosion-inducing crops is being reduced £9.7 per cent; 
and the acreage of dense, erosion-resisting crops, increased about 30 
per cent. Nearly 1,400,000 acres of grassland on wdiich grazing was 
formerly uncontrolled are now being managed carefully to prevent 
overgrazing and consequent erosion. 

All of these practices are designed to retain rainwater on the land, 
force it into the reservoir of the soil, build up the underground reserve 
of moisture for the nourishment of crops, and increase the production of 
protective vegetative cover for the land. They are not difficult of applica- 
tion ; the average farmer on the Plains can easily follow them in the culture 
of his land. 

For surface storage, more than 1,388 permanent dams have been built 
in the Great Plains region by the Soil Conservation Service alone. Most 
of these dams were constructed on the lands of cooperating farmers and 
ranchers as part of the normal demonstration program of the Service; 
others have been built outside the demonstration areas as part of the 
emergency drought-relief program. Their total storage capacity is esti- 
mated at nearly £1,000,000,000 gallons— a material addition to available 
water supplies for stock, irrigation, and other purposes in the Plains. 

More important than this land-treatment work itself, however, is 
the effect that has been made in convincing Great Plains farmers that 
soil and water conservation is both practical and advantageous. Some 
£5,000 farmers and ranchers outside the boundaries of the demonstration 
areas are known to have applied one or more of these conservation prac- 
tices to more than 3 million acres in the Plains. Such rapid and wide- 
spread acceptance of sound conservation principles would appear to 
indicate not only the effectiveness of the program but the readiness of 
Plains farmers to accept advice and to adopt, voluntarily, proved methods 
of soil defense. So vast is the area, however, and so great the amount of 
work to be accomplished, that only a beginning has been made. 

Problem Areas of the Southern Plains 

The prinicpal subdivisions of the Southern Plains (see Problem Area 
map) are the Red Plains, Dark Brown Plains, and Brown Plains. 

Red Plains 

The Red Plains subdivision of the Southern Plains sector of the Great 
Plains region comprises about 30 million acres in west-central Texas and 
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adjacent central Oklahoma. Lying at a lower elevation, it is separated 
from the main body of the Southern Plains to the west, frequently referred 
to as the High Plains, by a narrow to broad zone of rolling to rough 
country, which generally falls rapidly from the characteristically flat 
plains (the Dark Brown Plains and Brown Plains subdivisions). This 
intermediate belt of predominantly rolling to rough country is locally 
referred to, at least in part, as the ‘‘Breaks.’’^ The line of separation from 
the higher plains country on the west usually is clearly defined, either 
by a sharply descending surface or by a definite escarpment. This is par- 
ticularly true in Texas and Oklahoma, where the escarpment ranges to 
several hundred feet in height and is visible many miles from the lower 
country. In places, the escarpment is a zone of rough land,, often stony, 
2 or 3 miles wide, abrupt along the upper part near the ""cap rock” 
and less steep along the lower part. 

On the east, the Breaks merge with the Red Plains in such a way 
that any line of separation must be more or less arbitrary. As a matter 
of fact, numerous scattered areas through the western part of the Red 
Plains are essentially the same as much of the more easterly portion of 
the Breaks country. 

Predominantly, the Red Plains area is of rolling topography, although 
numerous areas are characterized by mild relief — ^nearly flat, undulating, 
or only gently rolling. In some localities, especially along drainage lines, 
the surface is severely broken or rough as the result of advanced erosion; 
and other areas are distinctly hilly. The Wichita Mountains in Comanche 
and Kiowa Counties, Oklahoma, represent an inclusion of distinctly 
different topography and soil characteristics (soils derived from crystal- 
line rocks). Isolated areas of wind-blown sand of dune topography occur 
in small and large bodies, mainly in the vicinity of major drainages in 
the western part of the Oklahoma sector. In the western half, occasional 
steep-sided, islandlike buttes or mesas are conspicuous features, visible 
from long distances. They are remnants of a former higher surface, which 
has been generally lowered by the geologic process of erosion. The 
larger streams, especially those of Oklahoma, usually are bordered by 
broad strips of level bottomland and second bottoms. 

The surface of the Red Plains rises gradually from about 1,000 feet 
along the eastern edge to about 2,000 or 2,500 feet on the western border 
(eastern border of the Breaks). 

The upland soils, derived from underlying beds of shale, claystone, 
and sandstone, are usually of purplish-red color (""Red Beds”) and of fine 
sandy loam and clay loam texture. The most extensive types are the 
Vernon fine sandy loam and the Miles fine sandy loam and clay loam. 


^ See soil map in Bennett, H. H. “The Soils and Agriculture of the Southern States.” 
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The more nearly level areas usually are occupied by darker colored heavier 
soils, such as the Kirkland and Abilene clay loams. 

x\lmost the entire upland area, representing about 90 per cent of the 
region, is subject to erosion in some degree by water or wind, whenever 
cultivated to the clean-tilled crops without the use of conservation farm- 
ing measures. Overgrazing is locally responsible for considerable washing 
and blowing, especially in the western part. Water erosion is the most 
serious problem, although blowing is bad enough, especially on the old 
dune areas which never should have been broken out of their native 
cover of vegetation. 

Not many parts of the United States have suffered more severely from 
erosion than a large aggregate portion of this area, whose extensive agri- 
culture is largely of very recent development. x\s in most parts of the 
United States, farmers with large supplies of productive virgin land at 
their disposal thought little of conservation. They cultivated downhill, 
seldom practiced crop rotations, and paid little or no attention to the 
maintenance of the organic-matter supply of the soil. 

Geological erosion, going on for ages, had dissected so much of the 
Ked Plains country by the time white men arrived on the scene that some 
specialists designated the area as the “Eroded Plains.” But vegetation 
had stabilized surface conditions pretty generally. Then, the growing of 
cotton, corn, sorghum, and wheat year after year in the same fields, 
and liberal grazing without much regard for carrying capacity, rotation, 
or seasonal conditions, started a process of accelerated erosion which has 
affected seriously a large area. Now the region is presented with a diflS- 
cult task of land defense. Work carried on in a number of soil and water 
conservation demonstration projects has shown that the problem can 
be met in a very adequate way through the use of practical farm meas- 
ures, aided by retirement of the more credible areas to the permanent 
protection of grass or, in some places, trees. 

Experiments carried on at the soil and water conservation experiment 
station near Guthrie, Okla., have revealed the disastrous rate at which 
erosion proceeds on the predominant type of erodible farm land under 
continuous cultivation and, in contrast, the comparatively low rates 
under crop rotation and contour cultivation, as well as the insignificantly 
slow rate under a cover of grass (see Table 7, Chap. V, Part 1). 

Dark Brown Plains 

The southern Dark Brown Plains area (including the “Breaks” 
along the southeastern border) extends from the Nebraska Sandhills on 
the north to the Edwards Plateau on the south and lies between the 
Brown Plains on the west and, roughly, the 98th meridian and the Red 
Plains on the east. It comprises approximately 60 million acres, or about 
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one-fifth the area of the entire Great Plains region. The elevation ranges 
from around 2,000 feet above sea level on the east to about 4,000 on the 
west. The surface is characteristically smooth, although there are rolling 
to rough, broken areas along streams and in the Breaks section bordering 
the southeastern part of this problem area. The smoother areas are 
varied locally by roundish depressions which hold water in wet seasons 
and dry out at other times (play a lakes). Most of the area, excluding the 
associated Breaks, is ideally suited to the operation of agricultural 
machinery. 

The soils in the northern part are derived to a large extent from loessial 
material; whereas in the southern part, the parent material is largely of 
water-transported origin, having been spread out over the plains from 
mountainous areas to the west in Tertiary time. Generally, the soils are 
of silt loam, silty clay loam, and clay loam texture, well drained, and 
topographically well suited to cultivation. Sandy loams are important 
locally. In the southern part, the Pullman, Richfield, and Potter soils 
are representative of the most extensive groups; and in the northern 
section, the Keith, Holdredge, Hays, Colby and related soils are widely 
distributed. 

The average annual precipitation ranges from about 26 inches along 
the eastern edge to about 18 inches along the western boundary. 

Approximately 50 per cent of the entire area is cultivated. The 
agriculture is based principally on wheat production over the predomi- 
nantly smooth lands, along with a substantial acreage devoted to the 
feed sorghums. Livestock is of importance on a considerable number of 
farms. The rougher lands of the Breaks are used almost exclusively for 
grazing and are admirably adapted to such use. Although those methods 
of land use which have proved impractical do not involve such extensive 
areas as in the adjoining Brown Plains on the west, many small areas of 
inferior soil are still in cultivation. 

Wind erosion is a major problem. The practices most widely adapted 
to its control have to do with water conservation and crop management. 
Outstanding among these for the croplands are contour tillage, supported 
by level terraces and the growing of erosion-resistant crops in a flexible 
rotation, along with conservative use of all stubble and residues. Seeding 
of wheat should be adjusted to the supply of moisture in the soil at seed- 
ing time. Contour furrowing is an effective remedial practice on thinly 
vegetated grazing areas. Grazing of crop stubble must be carefully re- 
stricted to insure maintenance of an adequate protective cover. 

Results obtained and field methods employed on the Hereford, Tex., 
demonstration project are summarized below, as an illustration of the 
practical possibilities for controlling erosion and conserving rainfall in 
the southerly part of the southern Dark Brown Plains, where conditions 
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are more favorable to grain-sorghum farming than in other parts of the 
Southern Plains. 

EESULTS OF CONSERVATION WORK ON THE HEREFORD, TEX., 
DEMONSTRATION PROJECT 

The Hereford soil and water conservation demonstration project, 
comprising approximately 32,000 acres in Deaf Smith, Castro, and Par^ 
mer counties, is located in the High Plains of the Texas Panhandle, at an 
elevation of approximately 3,900 feet above sea level. Although the long- 
time average annual precipitation is 17.5 inches, rainfall was below 
normal for the years 1933--1936, inclusive (7 inches in 1933, 12.4 inches 
in 1934, 13.9 inches in 1935, and 14.9 inches in 1936). In 1937, how’ever, 
the precipitation was about normal (17.67 inches), and rainfall was 
favorable in 1938. 

Wind velocity is characteristic of the southern High Plains, reaching 
a maximum in March, April, and May. Predominantly, the surface is 
flat, with an almost uniform ascent of about 12 feet to the mile from south- 
east to northwest. Small lake basins of about 5 to 40 acres extent dot 
the land here and there. Their drainage areas range from 200 to 1,500 
acres. The principal soils are clay loams and silty clay loams of the 
Pullman series, together with considerable fine sandy loam, clay loam, 
and clay of the Richfield, Zita, Potter, and Spur groups. Most of the area 
Is topographically well suited to cultivation. 

Wind erosion was serious in September, 1035, when conservation 
demonstration operations began on the project. Much cropland had lost 
a large part of the topsoil, and many areas of range land had been almost 
denuded of native vegetation. Much wind-blown soil had accumulated 
in and around buildings and along fence rows, and numerous hummocks 
and small dunes were in evidence in many fields that formerly had been 
cultivated profitably. In 1935, drought and erosion had resulted in a 
shortage of both grass and feed crops. The conservation program has 
resulted in the removal of hazards of this nature, and land that was not 
producing in 1935 is now being farmed or grazed in a satisfactory manner. 

Because of unfavorable economic conditions resulting from drought 
and erosion, some financial institutions had ceased to lend money for the 
purchase of farms within the project area. Choice land that was offered 
for sale for $8 an acre in 1935 was selling in 1938 at $25 to $35 an acre. 
Many farm operators who had been forced to seek employment as relief 
laborers in 1935 and 1936, were making a substantial living from their 
stabilized farms in 1938. Blinding dust storms were common from 1933 
to 1936; but since the spring of 1936, little soil has moved on the Hereford 
demonstration project, even though blowing took place in 1938 on un- 
treated lands adjacent to the project area. However, as the result of the 
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spread of the conservation practices, only 80 sections of land suffered 
from serious blowing in Deaf Smith county during 1938. 

In order to establish an effective, practical program of erosion control 
under conditions obtaining on the Hereford project, which is representa- 
tive of a large area in the southern Dark Brown Plains, the following prac- 
tices are among the more important put into effect: 

1. Strip cropping where applicable. 

£. Planting erosion-resistant crops, such as the grain sorghums and 
forage sorghums, Sudan grass, and broom corn; and the sowing of winter 
wheat on good wheat land, under favorable soil-moisture conditions. 

3. Conservation of practically all rainfall by contour farming sup- 
ported by level terraces with closed ends and by contour pasture 
furrowing. 

4. Tillage of the kind that produces a rougher cloddy surface 
condition. 

5. Protection of crop stubble from excessive grazing. 

6. Establishment of crop rotations. 

7. Establishment of a protective cover of grass on areas severely 
damaged by erosion or susceptible to such damage. 

8. Maintenance of native sod in grass, and improvement, where 
needed, by water-conserving contouring. 

9. Protection of grazing areas by deferred and rotated grazing, 
adjustment of numbers to carrying capacity, and establishment of 
properly distributed watering places. 

10. Installation of windbreaks of trees in favorable and advantageous 
locations. 

11. Timely contour tillage for efficient distribution and utilization of 
rainfall. 

Some of the accomplishments on the 50 cooperating farms are listed 
in the table on page 749. 

Pasture furrowing has held most of the rain, distributed it fairly evenly 
over the pastures, and resulted in marked improvement of the grass. 
Tests made on Pullman silty clay loam in a contoured pasture of 1 per 
cent slope, following a 9-inch rain of two weeks’ duration, in the spring 
of 1937, showed that moisture penetrated to a depth of 4£ inches in the 
furrows and to 18 inches 7 feet away from the furrows. The furrows, in 
pairs, were 4 inches deep, 8 inches wide, and 7 feet apart, with a 14-foot 
spacing between each pair. Penetration by the same rain in neighboring 
untreated pastures, including the same kind of soil, nowhere exceeded 
18 inches. The furrowed part of the contoured area produced 1,761 pounds 
of air-dried grass per acre; and the unfurrowed part, only 704 pounds. 

Before demonstration operations began, farmers generally felt that 
terracing and contour cultivation were unnecessary because the land 
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appeared to be so nearly level that loss of water by runoff was not 
recognized as of any importance. Although much of the land has a slope 
of less than one-half of 1 per cent, the long slopes, coupled with the slow" 



Fig. 291. — Rainfall conserved on level-terraced (with ends closed), gently sloping land — 
water spread from terrace to terrace 15 hours after £.2-inch rain. Soil and water conservation 
demonstration, near Hereford, Texas, April, 1938. {Photograph by Soil Conservation Service,) 


Acres 

Treated or planned for treatment (average size of farm 


units, 490 acres)* 24,500 

Protected by terraces 9,046 

Protected by contour tillage alone 4,774 

Pastures contour-furrowed 3,300 

Planted to trees . . 47 

Wind-blown hummocks leveled 843 

Diverted from continuous wheat to flexible rotations 

including wheat 18,116 

Strip cropped • 1,750 

Gullied areas controlled £47 

Retired from cultivation to permanent grass 1,850 

Improved range management installed 6,535 

Drift material removed from buildings and fences, cubic 
yards 318,191 


absorptive capacity of the heavier soils, frequently cause torrential runoff 
from heavy rains. Practically all of the rainfall has been held in fields 
with level terracing (Fig. £91) and with contouring (Fig. £9£), resulting 
in largely increased yields. 
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Wherever practicable, water is diverted from roadside ditches and 
distributed over pastures, and in some instances over fields, by the aid of 



Fig. 292. — Contour listing saves rainfall. Deaf Smitli County, Texas. May, 1937. {Photo- 
graph by Soil Conservation Service.) 



Fig. 293. — All of rainfall conserved in this level-terraced field. This, plus the water 
diverted from a roadside ditch, was utilized for wheat production. This field, in the Hereford, 
Texas, soil and water conservation project, produced 23 bushels per acre in 1938 and 36 
bushels in 1939. {Photograph by Soil Conservation Service.) 


small distributary furrows. On one farm, such added water increased the 
1938 yield of wheat 6 bushels an acre over the yield from that part of the 
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farm where only the direct rainfall was conserved. The fields were ter- 
raced and contour-tilled in both instances; the former produced 23 
bushels an acre in 1938 (Fig. 293), and the latter 17 bushels. An adjacent 



Fig. 294. — Wheat failure on land like that of Fig. 293, where no conservation prac- 
tices were followed, near Hereford, Texas, June, 1938. {Photograph by Soil Conservation 
Service.) 













Fig. 295 . — Wind erosion so impoverished this area in Deaf Smith County, Texas, that no 
vegetation was produced in 1938. {Photograph by Soil Conservation Service.) 

untreated field of comparable soil produced only 4^ bushels of wheat an 
acre in 1938 (Fig. 294). In 1939, with better rainfall the untreated field 
produced 16 bushels an acre and the treated field across the road 36 
bushels an acre. 
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On some of the farms, soil drifting had become so active by the end of 
May, 1936, that it was difficult to establish sufficient vegetative cover to 
hold the land (Fig. 295). Runoff from heavy rains was high, owing both to 
deficiency of organic matter in the soil and to a lack of cover. The land 
was listed on the contour and levebterraced. Prom a number of fields 
thus treated, wheat produced in 1938 from 17 to 21 bushels an acre 
(Fig. 296). The average 1988 wheat yield from 2,640 acres on 26 terraced 
farms in the Hereford project (having an average slope 0.65 per cent) 



Fio. 296. — Twenty bushels of wheat per acre was produced as result of M^ater conserved 
by contouring and level-terracing. Hereford, Texas, soil and water conservation project, 
June, 1938. {Photograph by Soil Conservation ServiGe.) 


was 10.7 bushels per acre, as against an average of 7.8 bushels from 2,903 
acres on 19 neighboring farms on land of the same kind except that the 
average slope was considerably milder (0.42 per cent) . The average yield 
for the county (Deaf Smith) was 3.7 bushels on 1,100 farms, comprising 
215,000 acres. 

Brown Plains 

The southern Brown Plains, comprising about 50 million acres, lie 
between the Rocky Mountains on the west and the Dark Brown Plains 
on the east. Elevation above sea level ranges from about 4,000 feet 
along the eastern boundary to about 6,000 feet at the foot of the Rockies. 
Average annual rainfall varies from about 18 inches along the extreme 
eastern and western edges to about 12 inches in parts of the interior. 
Variability of precipitation is a hazard that must be met by conserving 
all possible moisture with such proved methods as contouring, terracing, 
and restoration of grass on the more unstable areas. 
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Most of the land is of favorable topography, having in the southern 
part the characteristic flat surface of the Panhandle country and in the 
northern part the typical undulating to smoothly rolling features of the 
wind-lain soils of the Plains. A belt of rolling country skirts the Rocky 
Mountain front along the entire distance from southeastern New Mexico 
to southeastern Wyoming. 

In the southern sector, the soils are derived mainly from water-trans- 
ported material, and much of the land is light textured, such as the sandy 
loam and sand types of the Amarillo and Springer groups. Areas of old 
sand dunes occur in various parts of the southerly extension of the sub- 
division. Heavier soil, such as the loam, silty clay loam, and clay loam 
of the Zita, Baca, and Potter soils, is fairly abundant. Toward the 
north, a larger proportion of the land is of silt loam, silty clay loam, and 
loam texture, much of it belonging to the Colby and Weld series. Some 
areas derived from shale consist of tough clay, such as the Pierre soils 
in the vicinity of Hugo, Colo. 

Repeated efforts to develop cash grain farming generally have failed 
in the southern Brown Plains. Usually, conditions are most favorable for 
livestock and the production of supplemental feed crops, although at the 
present time many farm units are too small for economic livestock 
production. 

Wind erosion has been exceedingly severe over a large and widely 
scattered area. Much land left barren of vegetation by the failure of 
wheat and other crops has been stripped of its topsoil, in some instances 
down to the caliche subsoil; and numerous areas have been so deeply 
covered with sheets and hummocks of wind-blown sand and silt that 
every vestige of plant life has been smothered. Such critical conditions 
can be remedied only by the restoration of a protective cover of vegeta- 
tion, and this can be done, generally, only by conserving every possible 
drop of rainfall. Certain areas of loose sandy soil and exposed caliche, 
or thin soil over caliche, should be retired immediately to the permanent 
protection of vegetation — even to weeds, if grass cannot be established 
at once. 

Violent floods originating in the Brown Plains area and adjacent 
mountains are frequently destructive of property and the irrigated farm 
lands of the alluvial plains within and to the east of the area. Control of 
erosion and runoff over the upper watersheds presents the opportunity for 
alleviating the flood hazard. 

Field methods of soil and water conservation applicable in the 
southern Brown Plains, together with results obtained, are illustrated 
in the following summarization of the work of the Smoky Hill River 
demonstration project in Cheyenne County, Colorado. 
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RESULTS OP CONSERVATION WORK IN THE SOUTHERN BROWN PLAINS 
SMOKY HILL RIVER PROJECT, COLORADO 

The Smoky Hill Eiver soil and water conservation project, compris- 
ing 160,000 acres in east-central Colorado, is fairly representative of 
predominant physical, agricultural, and economic conditions involving 
a large area, probably 15 million acres at least, in the northerly part of 
the southern Brown Plains (eastern Colorado and adjacent Kansas). 

The most important soils in the project area are loams and clay loams 
of the Colby and Weld groups. Generally, these are undulating to 
gently rolling. For the most part, they absorb rainfall at slow or moder- 
ately slow rates, but their moisture-holding capacity usually is good. 
Runoff is normally rapid. Deposition of fine material of a colloidal nature 
from the dust storms of recent years appears to have decreased infiltra- 
tion capacity and increased runoff. 

Formerly a livestock country, farming has been carried on rather 
extensively the past 20 years. During the period of agricultural develop- 
ment, much of the land was divided into comparatively small tracts and 
sold to nonresidents. At present, about 80 per cent of the project area 
is owned by nonresidents. 

A survey of the project area shows that an area of 112,400 acres was in 
sod of widely varying density in 1937; 9,500 acres were cultivated; and 
38,100 acres of former cropland were idle or abandoned. Abandonment has 
increased steadily since 1931. When the conservation program started 
in 1935, most of the abandoned land supported little or no vegetation; 
nearly all of it had been severely eroded. In addition, much of the sparsely 
vegetated grazing land had suffered, both by direct blowing and by 
deposition of material from neighboring areas. In 1937, only 72 ranch 
and farm operators were living in the area. 

Damage by erosion and the deposition of wind-blown materials, 
together with a resultant intensification of drought effects, has occa- 
sioned an acute need for a more stable type of agriculture — one based 
primarily on grass, livestock, and feed production. The Soil Conservation 
Service has directed its demonstration program toward stabilization of 
all blowing areas through the conservation of rainfall, retirement of 
around 40 per cent of the cultivated land to grass, and encouragement 
of livestock farming by combining small holdings by lease or purchase 
into units large enough for economic operation. 

Prior to the systematic fencing of agricultural lands under this 
program, much of the grazing land in the Smoky Hill area had been 
utilized as ‘"open range.” Numerous tracts of formerly cultivated 
land were idle or abandoned, and many fences had been removed or 
destroyed. 
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When work began in September, 1935, it was impossible to accomplish 
very much in the direction of improving grazing practices, because of 
inadequate fences resulting from the spread of farming over the area, 
and the open-range grazing methods generally followed. Outside stock- 
men moved in with their herds wherever grass and water were available 
and so aided the development of an exceedingly ineflicient and destructive 
grazing system. This highly competitive use of the range, coupled with 
the effects of drought and erosion, resulted in destruction or impoverish- 
ment of much of the grass, thus favoring waste of rainfall, further decline 
of cover, and increased erosion by water and wind. Since precipitation 
for the 7 years preceding 1937 had not exceeded 9 inches for any one 
year, crops had largely failed through this period. 

Such losses and failures, together with a normal rainfall of only about 
17 inches, revealed the need for conserving all possible moisture in the 
program of soil defense. A survey of the physical and economic condi- 
tions at the time work began on the project pointed to the need for a 
completely coordinated and adaptable program of stabilization and 
conservation, involving the following major procedures; 

1. Establishment of an effective vegetative cover on all abandoned 
lands. 

2. Retirement of all severely eroded areas and the most erodible 
cultivated land to permanent cover. 

3. Application of practical moisture-conservation measures on all 
cultivated land — principally contour cultivation and terracing. 

4. Installation of effective agronomic practices on all cultivated 
lands for control of erosion (both wind and water) — principally strip 
cropping, flexible crop rotations, and the growing of erosion-resistant 
crops. 

5. Establishment of fenced grazing units by consolidating land under 
different ownership into an economically effective operating unit. 

6. Use on range land of such practical mechanical measures for 
conserving water as contour furrows, contour ridges, and water diversion 
and spreading structures. 

7. Construction of stock-water reservoirs at locations favorable to 
good grazing practice. 

8. Erection of fences needed for proper range management. 

9. Adoption of a sound range-management program. 

10. Planting of trees and shrubs in adaptable situations for gully 
control and shelter purposes. 

With less than 10 inches of rain, and in spite of a severe infestation of 
grasshoppers, excellent recovery in the conditions of both range and crop- 
land was made during 1937. For example, contour-furrowed plots of range 
land showed as much as 112 per cent increase in grass density over similar 
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untreated areas, and considerable feed was produced in contoured or 
terraced fields similar to untreated fields that produced nothing. Drainage- 
ways originating within the area have carried only small flows since 
installation of the protective measures, in spite of a number of summer 
rains of high intensity. Previous to treatment of their watersheds, these 
dry channels always had flooded after rains of equal intensity, the water 
running to waste as unutilized flood flows. 

On Apr. 15, 1938, 16^ active cooperative agreements, covering about 
78,000 acres, were in effect on the Smoky Hill River project. Below are 
listed some of the more important accomplishments of the work within 
the project area. 


Acres 

Erosion controlled by retirement to permanent vegetation 8,008 

Terraced and contoured for continuing cultivation 4,543 

Contoured for cultivation (much of this was abandoned in 1937) 15,383 

Strip cropped 7,333 

Crop rotation (flexible) installed on 20,230 

Planted to erosion-resistant crops 7,307 

semierosion -resistant crops 8,156 

Former overgrazed open range consolidated into 14 units to be operated 
as combined livestock enterprises, with small cultivated areas for 

supplemental feed 38,740 

Range land contour furrowed or contour ridged 41,953 

Improved range program devised for (including part of acreages listed 

above) 56,260 

Trees and shrubs planted for shelter belts, wood lots, and gully protec- 
tion 311 

Water-spreading and diversion structures (earthen) built on range land S3 miles 
Stoch ponds completed (combined storage capacity, 447 acre-feet) .... 110 

Fences built for range rehabilitation and management 65 miles 


DALHART, TEXAS, PROJECT 

The Dalhart soil and water demonstration project, comprising approxi- 
mately 48,000 acres in Dallam County in the northwestern corner of the 
Texas Panhandle, is located along the boundary between the Dark Brown 
and Brown Plains sectors of the Southern Plains area. The most important 
soils are the sandy loams of the Amarillo and Springer groups, together 
with the loams, silty clay loams, and clay loams of the Pullman, Rich- 
field, and Potter groups. The surface is flat to undulating, with slopes 
seldom exceeding gradients of £ or 3 per cent. In the absence of streams, 
the area drains into shallow ''wet-weather,’’ or intermittent, lakes locally 
referred to as 'play as. The average annual rainfall is 17.6 inches; but 
for the period 1933--1937, inclusive, it was only 11.5 inches. Characteristi- 



THE GBEAT PLAINS 


757 


cally, the winds reach their maximum velocity during March, April, and 
May — the severe "'blow season.’’ 

When conservation demonstration operations began on the Dalhart 
project in August, 1934, much of the land was in a critically eroded and 
eroding condition. More than 50 per cent of the area had been damaged. 
Some 11,000 acres of cultivated land had been badly hummocked by 
accumulation of sand; 9,000 acres had lost from 2 to 4 inches of topsoil; 
and 2,500 acres had lost more than 4 inches of topsoil, with some areas 
stripped to plow depth. Troublesome drifts had accumulated along 
fences and about farm buildings. Many pastures adjoining cultivated 
fields had been severely damaged through the abrasion of grass by shift- 
ing soil and by smothering accumulations of wind-blown debris. 

Economic and social consequences of erosion were probably commen- 
surate with damage to the land itself. Some financial institutions had 
ceased to make loans for the purchase of farm land. Many tracts within 
the project area were not salable at any price; homes were abandoned, 
and health authorities reported an increase in respiratory diseases during 
the blow months of winter and spring. Men found it difficult to work 
during blinding, choking dust storms. In Dallam County, the number 
of farm operators decreased from 700 to 443 between 1935 and 1936, 
and the farm population declined from 2,500 to 1,500. 

Agricultural decline during this period resulted from a combination 
of improper land use, inefficient water conservation and utilization, and 
poor crop management. 

In order to carry out an effective and practical demonstration in 
the control of erosion under conditions obtaining at Dalhart, and other 
similar areas throughout the Brown Plains sector of the Southern Plains, 
the following practices were installed: 

1. Planting erosion-resistant crops, such as grain sorghums, forage 
sorghums, Sudan grass, and broom corn, as an aid to control of soil blowing. 

2. Conservation of the entire limited rainfall by contour farming 
supported by level terraces with closed ends and by contour pasture 
furrowing. 

3. Tillage practices that leave the surface in a roughened condition. 

4. Protection of stubble on all cropland from close grazing. 

5. Retention of present grass cover and retirement of land unsuitable 
for cultivation to the protection of permanent vegetation. 

6. Protection of pastures by deferred and rotation grazing, adjust- 
ment of grazing to carrying capacity, and development of properly dis- 
tributed stock water and salting places. 

7. Establishment of windbreak tree plantings in favorable locations. 

8. Timely contour-tillage operations for proper distribution and 
maximum utilization of rainfall. 



SLOPE OF ROWS AND YIELD OF MILO MAIZE COMPARISON OF ROWS WITH ACTUAL CONTOURS (some field) 

Yield of groin Yield of groin 

tbs. per acre lbs. per acre 
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DreoKS over lisfed ridges ond washes out son down slope/ — Rows approximating contour, laid off by using 

Direction of flow in sloping furrows surveyed line as guide 

APH 61. — ^Results of contour-listing a 160-acre field, for milo mai25e, with a single surveyed guide line, 6 miles south of Conlen, Texas. 
in silty clay loam, average slope 0.5 per cent. (Interval between lines equals 60 rows, except as indicated.) Scale 1 inch = 165 feet. 
:e yield, 160 acres — 399 lbs. per acre; average yield on contour, 80 acres — 662 lbs. per acre; average yield off contour, 80 acres — 206 
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9. Restriction of wheat to the most favorable soils, and seeding only 
when soil moisture is sufficient for reasonable assurance of a crop. 

10. Leveling of field hummocks and fence-line drifts to enable estab- 
lishment of stabilizing vegetation. 

11. Stabilization of drifting dunes by leveling, contour listing, and 
planting of sorghums on both the dunes and the surrounding lands. 

12. Introduction of flexible crop rotations to restore needed organic 
matter. 

These practices are fast becoming generally recognized and accepted 
by farmers as a safe and practical way for reestablishing vegetation and 
controlling wind and water erosion. And this is assisting materially in 
stabilizing agriculture in this part of the Southern Plains. Farmers are 
learning that erosion-resistant crops can be produced with the scant 
precipitation, provided all rainfall is effectively conserved through use 
of the practical farm and ranch methods demonstrated on the project. 
They are learning also that such work as contouring and terracing must be 
done correctly if best results are to be had (Graph 61). 

Some accomplishments from 44 cooperating farms in the Dalhart 
project are: 


Acres 

Under agreement (average size of units, 653 acres) 28,765 

Protected by terracifig 11,025 

Protected by contour tillage alone 3,940 

Pasture contour furrowed 463 

Diverted from continuous wheat to flexible rotation, 

including wheat 14,800 

Reduction of wheat acreage between 1934 and 1937 14,100 

Diversion from continuous corn to erosion-resistant crops 

and strip-protected corn, 1934 to 1937 4,000 

Increased acreage of sorghums, 1934-1937 12,640 

Retired from cultivation to permanent vegetation 2,746 

Planted to windbreak trees, miles ^3.0 

Hummocks leveled 8,352 

Drift material removed from buildings and fences, cubic 

yards 210,000 


Northern Plains 

The Northern Plains, embracing most of the Dakotas and large por- 
tions of Montana, Wyoming, and Nebraska, are occupied by extensive 
bodies of glacial soils, wind-blown sand, residual soils, and badland areas 
where the basal rocks have been exposed by geological erosion. Although 
not so elevated as the Southern Plains, a much smaller proportion of the 
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area is flat. The surface of a large part of the Northern Plains ranges 
from undulating to rolling or hillocky. There is much more rough coun- 
try — badlands and broken foothills — than in the Southern Plains. Such 
rough lands are especially extensive in the western part. Aside from the 
isolated bodies of badlands, such as those of the western Dakotas, every 
major stream is bordered by long stretches of severely dissected terrain, 
and similar rough country skirts the base of most of the mountains. 

As in the Southern Plains, too much of the northern division of the 
Great Plains has been broken out of native grass, with little regard for 
soil type, slope, or rainfall intensity; and, as in the south, wind erosion 
and, in lesser degree, water erosion have plagued many areas, large and 
small. Depletion of cover by overgrazing has bared the surface of much 
land, especially in the western part, to both water and wind erosion. 
Even irrigation farming has encountered erosion diflSculties on sloping 
land, as in parts of the Wind River Basin of central Wyoming. 

Betterment of the erosion situation In the Northern Plains calls 
defiinitely for conservation of rainfall on all dry-farmed land steep enough 
to permit any considerable runoff; a return of a large total area of erodible 
soil to a protective cover of grass; a reduction of the wheat acreage on 
thousands of farms; and the introduction of rotations that provide pro- 
tection from wind and replenish the supply of soil organic matter, 
x^reas returned to grass can be utilized advantageously for building 
toward greater security for the livestock element of farming and for 
rebuilding wildlife resources. Still further security on all farms can be 
gained by storing supplies of feed in good years, such as 1938, for years 
of lean feed production, such as 1934 and 1936. Many fields can be 
given a considerable measure of protection from wind by appropriate 
plantings of hardy trees and shrubs, and homes can be made more 
livable with shelter belts established about the farm buildings. Strip 
cropping is an important measure for reduction of wind erosion. Wind 
stripping (stripping across the prevailing direction of wind during the 
blow season) is adaptable to areas of such gentle slope as to have little 
or no water erosion. Where water erosion is a problem, strip cropping 
should be on the contour. Considerable soil washing was observed in 
1938 on many of the wind-stripped (alternating fields of grain and summer 
fallow) areas in the rolling sections of Montana. 

The principal subdivisions of the Northern Plains are discussed 
briefly below, together with a summarization of ways and means for 
better conservation of water and soil. 

Black Plains 

The Black Plains comprise 31 million acres of predominantly produc- 
tive black soil in a broad belt crossing the eastern Dakotas. The average 
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annual precipitation is around 24 inches along the eastern boundary, 
decreasing gradually to an average of about 16 to 18 inches along the 
western edge. The elevation ranges from around 1,000 feet above sea 
level on the east to about 2,000 feet on the west. Occasional morainic 
hillocks, numerous basins and depressions, and a generally billowy or 
undulating surface give the area the characteristic topography of glacial 
terrain. Most of the land is well suited to cultivation, in so far as surface 
features are involved. 

The principal soil groups are the Barnes, Fargo, Bearden, and 
Moody. All have black surface soils and, generally, dark-brown to black 
subsoils, Texturally, they consist for the most part of clay loam, silty 
clay loam, and clay, Sandy soils, even sand dunes, occur here and there. 
In the main, these soils absorb rainfall readily, and runoff is light except 
during unusually heavy rains. Although some areas are affected by water 
erosion, the chief physical problem requiring immediate attention in the 
Black Plains subdivision is wind erosion. Where lacking a protective 
cover of vegetation, these lands, especially the sandy types, are sus- 
ceptible to severe wind damage. 

A large proportion of the area has been broken out of the native grass 
cover and turned to wheat production. Some corn is grown, chiefly for 
forage. Farm units generally are small. 

The general need for soil and water conservation can be met by such 
major practices and measures as strip cropping, contour listing and cul- 
tivation, water spreading, preservation of crop residues, retirement of 
inferior and highly erodible land to permanent cover, stock-water 
development, pasture contouring, improvement of grazing practices, and 
adjustment of size of farm units. These and other measures are being 
used successfully in the program of the Soil Conservation Service in this 
area. In the southeastern section, gully control, pasture improvement, 
soil improvement, and a decrease in the area devoted to clean-tilled crops 
are some of the more important practices. 

Livestock should have an important place on most farms. Abundant 
feed, such as grass, sweetclover, corn, forage, and alfalfa, is easily pro- 
duced in years of favorable rain. In good years, sufficient reserves of 
feed can be stored for use during years of below-normal rains. Where 
farming is of the balanced livestock-crop type, or where any important 
number of animals are kept, it would be advisable generally to store 
enough feed for one or two dry years. Adaptable feed crops can be worked 
into helpful rotations and strip-cropping systems for preventing soil 
blowing. 

As an illustration of the field methods employed in the soil and water 
conservation program in the Black Plains area, results of the work on the 
Bottineau, N. D., demonstration project are summarized as follows: 
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Results oe Consekvation Wobk in the Nobthern Black Plains 
Bottineau DemonstHation Project 

The Bottineau demonstration project, in north-central North Dakota, 
is fairly representative of the Black Plains area. The most extensive soil 
types within this area of approximately 48,000 acres are the Bearden very 
fine sandy loam (occupies 57 per cent of project area) and Fargo clay and 
silty clay loam (20 per cent of area). The surface varies from nearly level 
to undulating, slopes seldom exceeding a gradient of 3 per cent. More 



Fig. 297. — Above, large area of Barnes fine sandy loam terrifically damaged by wind 
erosion. At the beginning of work on the Bottineau Project, North Dakota, this land was 
abandoned. Lower, stabilization of land like that above with sweetclover. 1936. (Photo- 
graphs hy Soil Conservation Service.) 


than 90 per cent of the area has slopes of 0 to 8 per cent, whereas 6 per 
cent ranges from 3 to 10 per cent. 

Tke average annual precipitation at Bottineau is 15.24 inches, about 
2 inches of which is derived from snowfall. Wind velocities are relatively 
high. 

The project includes 180 farms, averaging 265 acres in size. A large 
part of the land was broken out of virgin grass in 1890, with a con- 
siderable increase during the World War period. Wheat has been the 
pincipal crop from the beginning. Following the World War, however, 
increased attention was devoted to livestock. The most successful 
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farmers are those who have included livestock as a part of the farm 
enterprise. 

At the beginning of project operations in 1935, 60 per cent of the area 
had suffered slightly from erosion, 28 per cent had been affected moder- 
ately, and 3 per cent had been affected severely (Fig. 297). Troublesome 
wind-drift material had accumulated along fences; many fields were 
covered with sheets and hummocks of such material, and numerous 
‘‘blowouts ” had developed holes 4 to 6 feet deep over formerly cultivated 
land. Major factors contributing to the erosion problem have been: con- 



Fig. 298. — Protection from wind erosion by plowing wheat stubble so that part of the 
straw remains above the ground as effective mulch. North Dakota, 1938. {Photograph by 
Soil Conservation Service,) 


tinuous wheat farming, with summer fallowing; and fall plowing for 
spring seeding. 

In order to carry out a completely coordinated apd practical demon- 
stration of wind-erosion control and soil and water conservation under 
conditions prevailing in this area, the following practices were initiated 
on the project: 

1. Strip cropping, with strip widths varying from 100 feet on the 
lighter soils to about 200 feet on the heavier types. 

2. Introduction of rotations, such as fallow, corn or other feed crop, 
wheat, wheat and sweetclover, sweetclover, wheat, 

3. Retirement of severely eroded and inferior land to permanent 
cover, using such adaptable grasses as western wheat, slender wheat, 
brome, and crested wheat. 
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4. Deferred and controlled grazing. 

5. Development of properly distributed stock-watering places. 

6. Discouragement of fall plowing to prevent baring of erodible soil 
to winter and spring blowing. 

7. Delaying fallow operations until after the blow season of spring. 

8. Substitution of duckfoot type of cultivation, where practicable, 
to reduce excessive pulverization of soil affected by moldboard or other 
types of plows. 

9. Maintenance of trashy*' surface conditions to impede blowing, 
by special disk cultivation, such as leaves a considerable part of wheat 
or other stubble projecting above surface (Fig. £98). 

10, Use of the damming or regular lister on contour to conserve 
water. 

11, Encouragement of type of farming based as nearly as economically 
practicable on proper balance between crops and livestock, for adequate 
conservation of soil and rainfall. 

On Feb. 1, 1938, conservation-farming arrangements were in effect on 
61 cooperating farms, covering 14,780 acres, on the Bottineau demonstra- 
tion project. Some of the accomplishments resulting from this coopera- 
tion are as follows: 


Conservation 
Wor\ Per Cent 
Before After 


Cultivated land in project area 79.7 54.1 

Cultivated land retired to grass and hay crops 19.0 

Cultivated land retired to trees and shrubs as wind shelters and 

for wildlife 3.9 

Clean-tilled crops 18.0 11.7 

Semierosion-resistant crops 58.4 32.4 

Erosion-resistant crops 3.3 10.0 

Idle cropland 3.0 0. 

Pasture or range 11.4 £1.6 

Acres Acres 

Legumes 591 1,778 

Rotated pasture or range, temporary 53 576 

Rotated pasture or range, permanent 0 1,010 

Cultivated land retired to pasture 1,525 


Dark Browtst Plains 

The northern Dark Brown Plains, with an area of 59 million acres, 
borders the Black Plains on the east. It includes, approximately, the 
western two-thirds of South Dakota, the western two-fifths of North 
Dakota, a large part of northeastern Montana, and a small part of north- 
eastern Wyoming. It extends from the Canadian line to the southern 
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boundary of the Nebraska Sandhillsj which separates the area from the 
Southern Plains. 

Predominantly, the surface of the northern Dark Brown Plains varies 
from gently rolling to rolling, although numerous areas along drainage- 
ways are steeply rolling to extremely broken and rough (badlands). The 
average annual precipitation ranges from about 16 to 18 inches along the 
eastern side to about 12 to 15 inches at the western edge. The soils, for 
the most part, are dark brown in the surface and lighter colored, cal- 
careous;, and compact in the subsoil. The principal series are the Williams, 
Scobey, and Arnegard. In the main, they range from clays and clay 
loams to sandy loams. The predominant heavy types absorb water 
slowly; and with heavy rains, loss by runoff is high wherever there is 
much slope. Wind erosion severely affects most open land having inade- 
quate cover of vegetation, and water erosion is a problem on steeply 
sloping areas similarly thinly vegetated. Very little true soil occurs in 
the severely dissected badlands, such soil being restricted to flat-topped 
remnants of the former surface and intervening depressions. These 
broken lands consist very largely of ‘"raw” geological beds, mostly steep 
and thinly vegetated. Much of the exposed shale and clay is of saline 
character and contributes locally to unfavorable alkali conditions. Floods 
are not a serious problem on the streams rising within this subdivision of 
the Great Plains. Long periods of low water seem to be a characteristic 
of such streams as the Souris, James, and Cheyenne Rivers in North 
Dakota. 

The principal native grasses are western wheat, blue grama, nigger- 
wool,'' needle and thread, and buffalo. 

Types of agriculture vary from wheat farming in the eastern part to 
both livestock and wheat farming in the western part. The average size 
of farms varies from about 320 to 640 acres from east to west. 

The following practices are among the most important employed on 
the soil and water conservation projects: 

1. Retirement of the more severely damaged and more erodible areas 
permanently to grass. 

2. Improved management of pastures and ranges, adjustment of 
grazing to carrying capacity, and development of stock-water ponds for 
pastures and range land. (On 8 of the 13 stock ponds established on the 
Culbertson, Mont., project, 12 broods of wild ducks, totaling 96, were 
raised in 1938). 

3. Decrease of cash-crop acreage and increase of livestock farming. 

4. Contour farming and contour furrowing on pasture and range 
land to reduce runoff. 

5. Changes in cropping practices in order to produce more feed for 
livestock, to increase soil productivity, to make use of strip cropping 
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and crop rotations, to provide for utilization of crop residues, to avoid 
fall plowing, and to develop cloddy surface conditions in plowing. 

6. Development of wind-shelter and wildlife plantings of adaptable 
shrubs and trees. 

7. Adjustment in the size of farms. 

Generally farmers have approved these changes resulting from the 
introduction of conservation-farming practices in the Culbertson soil and 
water conservation project, in northeastern Montana. 

Brown Plains 

The northern Brown Plains extend southeasterly through central and 
eastern Montana from Canada to the North Platte River in east-central 
Wyoming and from the base of the Rocky Mountains to the Dark Brown 
Plains on the east. The area covers about 61 million acres; and over the 
greater part, the surface varies from gently rolling to rolling or hilly. 
x\long the major drainages and in the badlands sections, the country is 
characteristically extremely rough, as the result of geological erosion. 

The topography, on the whole, is considerably more rolling than that 
of the Dark Brown Plains, and there is proportionately much more 
broken country. Hilly and severely dissected broken country, much of it 
typical badlands, is extensive along the base of the Rockies and Big 
Horns and along the principal streams, particularly the Big Horn, Yellow- 
stone, Powder, Tongue, Missouri, Little Missouri, Cheyenne, Belle 
Pourche, Cannonball, Big Muddy, and Wind River. The rougher coun- 
try, although providing fair grazing in some parts, is scantily vegetated, 
generally, because of low rainfall, rapid runofif, and scarcity of productive 
soil. Better grazing is found in the areas of more rounded topography, 
even where the country is hilly, because of the usual presence of a covering 
of true soil. 

Nearly a fourth of the area is so rolling, hilly, or broken that it has no 
other value than for grazing, and part of the remainder is too steep for 
safe cultivation because of susceptibility to water erosion, especially 
near the mountains, where rainfall is frequently of the ‘^cloudburst*’ 
type. The smoother lands of both sandy and heavy soil are subject to 
severe wind erosion under bared or thinly vegetated surface conditions, 
whether resulting from plowing or from overgrazing. 

The soils of the smoother areas vary from sandy types to clay loams 
and clays, the heavier types predominating. Although mainly of light- 
brown color, the dry surface generally has an ashy-gray cast. Some of the 
more important upland soil groups are the Morton, Arnegard, and 
Jordan series. The Flasher soils are mainly sandy and extremely sus- 
^.ceptible to wind erosion. Many of the low flats, especially those in and 
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near areas of rough, broken country, are occupied by tough clay, fre- 
quently with high content of water-soluble salts. Many such areas, prob- 
ably thinly grassed under virgin conditions, have suffered from gullying 
as the result qf overgrazing. Salt sage and greasewood are the principal 
plants on the more salty areas. 

Most of the smoother lands, outside the limits of the saline flats and 
depressions, and occasional bodies of tough shale-derived clay, originally 
were grassed, as shown by the present good cover on areas that have not 
been plowed or overgrazed. Among the principal grasses are blue grama, 
western wheat, and niggerwool. Sagebrush is widely distributed. 

Rainfall varies from around to 15 inches in the eastern part to less 
than 10 inches in the Big Horn and Wind River Basins of Wyoming. 
Floods are much more serious than in the Dark Brown Plains, especially 
along streams rising in the mountains. Water erosion is also more serious, 
mainly because of higher intensities of rainfall and steeper slopes. Al- 
though much wheat continues to be seeded, it appears that increasing 
interest is being taken in livestock. As compared with the eastern portion 
of the Northern Plains, land holdings are larger, and the livestock indus- 
try is of greater importance. 

Need for water conservation on range land is general, and soil erosion 
by wind, and to some extent by water, is a local problem of outstanding 
importance, even on the irrigated lands. A great deal of silt is contributed 
to a number of streams in the '^return” water from sloping irrigated 
lands. For example, the Big Horn River carries much silt into the Yellow- 
stone throughout the irrigating season, gathering its load from both the 
Big Horn and the Wind River Basins. As an illustration, samples col- 
lected during the irrigating season of 1938 indicate that Teapot Creek, a 
typical small draw, in Wind River Basin, Wyoming, delivers to Wind 
River about 20 second-feet of return water, containing around 6 per cent 
silt, over approximately a five-month period. 

These problems are being dealt with in the program of soil and water 
conservation through such procedures as shown at the bottom of p. 770. 

As an illustration of improved range management, the main features 
of range practices instituted on a typical area are shown in Fig. 299, 
covering 44,801 acres (the Riverton Tract) on the Shoshone Indian 
Reservation, Wind River Basin, Wyoming. 

Pierre Shale Area 

The Pierre Shale Area comprises some 13 million acres surrounding 
the Black Hills, in southeastern South Dakota, northwestern Nebraska, 
and northeastern Wyoming, with a relatively small segment in south- 
eastern Montana. Similar shale areas occur as smaller isolated tracts in 
other parts of these states and in eastern Colorado. The prevalent surface 
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configuration varies from nearly level to undulating and gently rolling. 
Small and large tracts of badlands are scattered through the area. 
Characteristically these are severely dissected and too rough for any use 


Rcmge Plan Prepared and Co»ried Out by Soil Conservation Service in Cooperation with Bureau of Indian Affairs 



Fig. 299. — Demonstration of Range Improvement, Riverton Area, SFoslione Indian 

Reservation, Wyoming. 


Before improvement 


After improvement 


3335 sheep from Sept. 15 to May 31, in 
addition to SOS trespass sheep. Use of much 
of area wholly dependent on water from 
Use snow or small temporary ponds, resulting in 
waste forage over parts of range, and severe 
overgrazing on other parts. 

With Wind River furnishing the only 

permanent water on the entire range, the 

sheep were held on this area approxi- 
mately 3 months, resulting in serious 
erosion and numerous over-grazed bed- 
grounds. 

. ^ ’ A few small water holes, cleaned out 

^ whenever used, allowed intermittent use of 
area during lambing season. 

□ Without permanent water, nearly 60 per 
cent of the range could be used only inter- 
mittently, when snow was available. 

Proper management impossible. Lack of 
watering facilities and control of range 
enforced improper season of use and con- 
centration of stock, contributing to unsatis- 
factory condition of range. 


Survey of the soils, conditions of erosion, 
and amount, value and distribution of the 
forage furnished the necessary basic in- 
formation for the improved plan of man- 
agement, and indicated, for each portion of 
the range, the proper period and intensity 
of use. 

Entire area grazed by two bands of 2000 
sheep each from early Oct. to April. Under 
improved management the carrying capac- 
ity has increased 25 per cent in S seasons to 
Use 29,730 sheep months. The present rate of 
stocking of 26,000 sheep months should 
insure continued improvement on the 
range. 

Dams for stock water and erosion control 
located throughout the area. 

- Route of Band No. 1 With available water 
at grazing intervals, 
— — Route of Band No. 2 based on carrying 

I 

range is now uni- 
formly and properly 
grazed. 

O Camps and bedgrounds showing date of 
use. Salting place at bedgrounds. 

X - X Fences constructed to keep out trespass 
stock. 


but grazing. The most outstanding soil type is brownish stiff clay or clay 
loam derived from the extensive yellowish and dark-gray shales. Pierre, 
Boyd, Winnifred, and Lismos are among the most important soil groups. 
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Elevation from east to west ranges from about 8,000 to 4,500 feet above 
sea level; and rainfall, from about 18 to 19 inches. 

Primarily, the Pierre Shale country is used as range for livestock. 
Farming is hazardous because of low rainfall, unfavorable soil, and high 
susceptibility to erosion. Some wheat is grown under dry-farm methods, 
and such crops as sugar beets, small grain, and alfalfa are produced in the 
irrigated section in Butte County, South Dakota. 

The present average carrying capacity of the range has been esti- 
mated at about 60 acres per animal unit. Range improvement methods 
indicated as helpful for the associated Dark Brown and Brown Plains 
areas are applicable to this area; but because of unfavorable conditions, 
it may not be possible to increase the grazing capacity very much. Hold- 
ings vary from 8^0 to several thousand acres. 

The characteristic heavy soil has such low infiltration capacity that 
the ground, especially under thin cover, may not be wetted to more than 
about 1 inch by a heavy rain. The dry soil quickly runs together during 
rains to form a sticky, slippery, impermeable sheet. Runoff is conse- 
quently high; and wherever the gradient exceeds 1 or ^ per cent, erosion 
by sheet washing or gullying takes place. New areas of badlands are being 
formed continuously by a combination of overgrazing and trailing on 
many of the steeper slopes. 

Wind erosion is a problem also. By a process of fragmentation, the 
clay soil tends to break down into small pellets which are rolled readily 
by wind, where vegetation is scant or absent. 

Aside from these difficulties, there is the problem, in parts of the area, 
of excessive content of selenium.^ 

Black Hills 

The Black Hills comprise 2 million acres of hills and mountains in 
western South Dakota and adjacent northeastern Wyoming. The eleva- 
tion rises to something over 7,000 feet, and most of the area is too steep 
or stony for important use aside from forestry. The soils are of entirely 
different origin from those of the surrounding plains, being derived prin^ 
cipally from granite and other igneous rocks. Some of the depressions 
and shouldering positions are used for small grain, corn, and feed crops. 
Soil washing is rather severe in some fields, especially on the red loam 
and sandy loam soils derived from sedimentary rocks. Gullying, sheet 
washing, and crescent slips or ‘‘catsteps” are common. Terracing, con- 
tour tillage, strip cropping, basin listing, crop rotations, and retirement of 
the steeper slopes to grass or trees are the remedies. 

^ Byers, H. G. Selenium Occurrence in Certain Soils in tlie United States with a Discus- 
sion of Related Topics, U. S. Dept. Agr. Tech. Bull. 482, 1935; Tech. Bull. 530, 2d Kept. 
1936; and Tech. Bull. 601, 3d Kept. 1938. 
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Nebraska Sand Hills 

The Nebraska Sand Hills occupy an area of approximately 11 million 
acres, situated mainly in central and north-central Nebraska. Predomi- 
nantly, the area is composed of old sand dunes which have long been 
naturally stabilized, very largely, by a cover of grass — bluestem and other 
species. Through experience, farmers have learned that it is unsafe to 
plow this deep, loose sand which begins to blow with removal of the 
protective cover. Accordingly, most of the area is used only for grazing. 
Cattle trails or excessive grazing have started blowing here and there; but 
for the most part, such blowouts are of small extent and appear not to be 
expanding under the prevailing system of land use. 

Some small grain, corn, and feed crops are grown on the moist floors 
of the frequent interdune depressions. Occasionally, farmers have ex- 
tended tillage operations too far up the slopes, with the result that some 
fields have suffered from both wind and water erosion. 


Fabm Land 

1. Adoption of farm practices, in- 
cluding strip cropping, contour listing, 
contour cultivation, conservation and 
utilization of crop stubble, reduction of 
area devoted to cash crops, and increase 
of area devoted to feed crops. 

Peestablishment of a cover of 
grass on bare or thinly vegetated areas 
not adapted to cultivation. 

3. Adoption of rotations, including 
grass and, where practicable, legumes. 

4. Improvement in irrigation prac- 
tice on sloping land in order to reduce 
erosion and to make more economical 
use of water, through such procedures 
as distribution of water as nearly along 
the contour as practicable, better loca- 
tion of distributing ditches on the farms, 
and repeated use of any excess of ap- 
plied water. 


Range Land 

1. Adjustment of stocking to carry- 
ing capacity, and improvement of other 
range practices. 

S. Conservation of water by con- 
touring and other measures for holding 
and spreading. 

3. Development of stock ponds and 
springs. 

4. Adjustment of size of operating 
units to an economic basis. 

5. Encouragement of adjustment of 

farm debts. , 

6. Encouragement of adjustment of 
taxation to productivity and stability 
of land. 

7. Encouragement of increase in 
owner operators or adoption of long- 
time leasing practices. 

8. Accumulation of reserve feed 
supply. 

9. Education of ranchers to an 
appreciation of benefits to be derived 
from sound conservation practices on 
range. 





Chapter XXXVI. Edwards Plateau- 
Fort Worth Prairie- Gross Timbers Area 


The Edwards Plateau-Port Worth Prairie-Cross Timbers area com- 
prises approximately 52 million acres of prairie, timbered, brush-covered, 
and cultivated country of generally rolling to rough topography, extend- 
ing from southwestern Texas in an easterly-northerly direction across 
central Texas and Oklahoma (Map 13). Elevations range from about 
800 feet above sea level in the Port Worth Prairie to approximately 4,000 
feet in parts of the Edwards Plateau. 

This problem area comprises three major subdivisions: (1) the West 
Cross Timbers, bordering the eastern edge of the Red Plains subdivision 
of the Great Plains; (2) the Port Worth Prairie and East Cross Timbers, 
lying between the Texas Black Belt and the West Cross Timbers; and 
(3) the Edwards Plateau, covering the southerly-westerly extension and 
bordering on the Rio Grande Plain area and Mexico.^ 

Normal annual rainfall ranges from 15 inches or less in the extreme 
western part of the Edwards Plateau to about 35 inches in the eastern 
part of the Port Worth Prairie and East Cross Timbers sector. The ex- 
pected rainfall intensity for a 10-minute period over a 10-year period 
(10-year frequency) in the western part of the area is from 1.12 to 1.25 
inches, whereas the corresponding expected intensity for the eastern part 
of the area is from 2 to 2.5 inches. The expected rainfall intensity for a 
60-minute period, 10-year frequency, ranges from about 2 inches in the 
western part to about 2.5 inches in the eastern part. 

Much of the rain over the eastern and northern parts of the area falls 
during autumn and winter, when the land ordinarily has the least pro- 
tection against erosion. At this time, many fields are thinly covered with 
small grain or are in a condition of bare or nearly bare fallow. Clean culti- 
vation of erosion-permitting crops — chiefly cotton, corn, and sorghum — 
together with the lack of systematic rotations, is conducive to serious 
soil and water losses. 

In the Edwards Plateau sector, relatively less land is cultivated, a 
large proportion being used for range. Although erosion is active over part 

i Carter, W. T. The Soil of Texas, Texas Agr. Exper. Sta. Bull, 431, July, 1931. 
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of the range, much of it has a fair to good protective cover. The same is 
true over a considerable part of the timbered and brush-covered rougher 
lands of this and the other subdivisions of the region. 

For the most part, the East and West Cross Timbers area originally 
was forested to deciduous trees, mainly blackjack oak and post oak of 



G1 - West Cross Timbers 

62- Fort Worth Proirie ond East Cross Timbers 

63- Edwords Plateau 


Map 13. — Problem, area of Edwards Plateau — Ft. Worth Prairie — Cross Timbers Area. 

{Soil Conservation Service.) 

small size. Many small and some rather large bodies of prairie were 
scattered through the timbered country, particularly the West Cross 
Timbers. 

Accelerated erosion has followed cultivation quickly and generally 
throughout most of the region. It has been a common practice to cultivate 
land until the yields dropped to unsatisfactory levels and then abandon 
it or permit it to lie idle and grow up to weeds and brush. After the idle 
land was ‘‘rested ” for three or four years, it was again put into cultivation 
with the result that erosion was started again. This practice has continued 
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until numerous j&elds have been forced into final abandonment by severe 
erosion. Following abandonment, additional tracts, usually steeper land, 
have been cleared or broken out of the prairie sod for crop production. 
Generally, erosion has attacked these newly plowed lands almost 
immediately. 

The result has been the development of a very general and serious 
erosion problem on most of the tilled land of the entire region. Water 
erosion, accompanied by loss of needed water, as runoff, has been most 
destructive; but wind erosion has been active on much of the sandy land. 













Fig. 300. — Gully converted into water channel and stabilized with buffalo grass. Takes 
care of runoff from 50 acres of terraced and strip-cropped land. No damage occasioned 
by an 8-inch rain, April, 1938, falling in 9> hours. Near Denton, Texas. {Photograph by S07I 
Conservation Service,) 


Probably the most outstanding need of the regional farm land, there- 
fore, is control of erosion and conservation of rainfall. Effective control 
has been brought about through the use of such protective measures as 
crop rotation, strip cropping, contour cultivation, terracing, safe disposal 
of runoff (Fig. 300), pasture contouring and rehabilitation, improvement 
and protection of woodlands, and retirement of steep or badly eroded 
areas to permanent vegetation. Application of these and other practical 
farm measures to each acre of land needing protection, in accordance 
with its adaptability and the economic feasibility of the practices, has 
not only brought about a large degree of stabilization to the land and the 
farmer on some of the most representative types of crop and grazing 
land but has resulted in conservation of needed rainfall which otherwise 
would have run to waste, in reduction of floods on small streams, and in 
diminution of silting. 
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Overgrazing has resulted in excessive erosion on many parts of the 
rougher lands so extensively used for livestock, especially where the 
slopes are steep, and goats and sheep are raised in large numbers. As 
erosion has advanced, the cover has become thinner, the land poorer, and 
yields lower. Controlled grazing and contour-furrowing of the smoother 
land have proved effective in remedying the situation. Stock-water 
ponds, strategically located, also have aided. 

The extent to which accelerated erosion has progressed on farm lands 
in the Fort Worth Prairie and West Cross Timbers subdivisions is illus- 
trated by data compiled from detailed surveys of representative farm 
lands involving approximately 120,000 acres. These data showing the 
relation of land use to erosion, are given in Table 46. 

Of 93,000 acres of farm land surveyed in the West Cross Timbers 
sector, approximately 47 per cent is cultivated, 6 per cent is idle, 37.5 
per cent is used for pasture, and 9.5 per cent is woodland. 

The data shown in Table 46 indicate that erosion has affected most 
of the land, whether cultivated, idle, pastured, or wooded. Even woodland 
has suffered almost as much as the cultivated area, the proportion of 
uneroded land being approximately 22 per cent of the former and 18 per 
cent of the latter type. This is due largely to overgrazing of the com- 
paratively thin soil prevailing over the rougher lands of the timbered 
type. 


Table 46. — Pelation of Land Use to Eeosion in the West Cboss Timbers 
AND Fort Worth Prairie 


Land use 

Extent of erosion, per cent 

None 

Slight 

Moderate 

Very severe 

/Cultivated 

17.9 

48.0 

31.7 

2.4 

iglidle 

17.3 

29.6 

34.3 

18.8 

(Pasture 

23,2 

29.4 

33.3 

14.1 

/ Farm woodland 

21,6 

24.8 

50.1 

3.6 

' All land 

20,2 

37.7 

34.2 

7.9 

/Cultivated 

3.3 

43.1 

50.2 

3.4 

1 « \ldle 

11.5 

34.6 

49,1 

4.8 

{pasture 

30.1 

37.7 

27.8 

4.4 

( Farm woodland 

14.0 

32.2 

52.0 

1.8 

' All land 

17.1 

39.7 

39.3 

3.9 


The data indicate that erosion on cultivated land in the Fort Worth 
Prairie area is not greatly different from that on cultivated land in the 
West Cross Timbers. In the farmer subdivision, detailed surveys of 
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^5,000 acres of representative farm land indicate that approximately 
44 per cent is cultivated, ^ per cent is idle, 49 per cent is in pasture, and 
5 per cent is in woodland. 

Fort Worth Prairie and East Cross Timbers 

The Fort Worth Prairie and East Cross Timbers, with a total land 
area of about 8 million acres, extends from the Red River about 300 

p 



Fig. 301. — Characteristic topography of the better farm land of the Fort Worth Prairie 
(Denton clay). This entire farm of 81 acres of pasture and 140 acres of cultivated land 
protected from erosion by contouring, strip cropping, terracing and other adaptable meas- 
ures. Runoff disposal channel in center. {Photograph hy Soil Conservation Service.) 

miles southward to the vicinity of the Colorado River, where it merges 
with the Edwards Plateau. It is a smoothly rolling to hilly limestone plain, 
deeply cut by numerous streams. The thick beds of limestone have been 
cut entirely through in places, leaving rough stony ridges, steep escarp- 
ments, and high remnants of land on the order of mesas and buttes. Much 
of this steeper land is stony and essentially barren. Numerous areas 
consist of rock outcrop, and many others have so little soil that vegetation 
is very scant. 

On the average, that part of the area lying north of the Brazos River 
is considerably smoother, and a larger acreage is used for crops (Fig. 
301) . The southern half, known as the Lampasas Cut Plain, is predomi- 
nantly rough or rolling. Much of it is covered with jumper and scrub oak. 
The raising of cattle, sheep, and Angora goats is an important agricul- 
tural enterprise. Cotton, wheat, oats, corn, and feed crops are the prin- 
cipal farm products. 
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The predominantly dark, productive soils of the northern half are 
derived from interbedded limestone and marly material. A larger propor- 
tion of the lighter colored, shallower soils has been left in the native 
grass. The upland soils are largely clays and clay loams of the San Saba, 
Denton, Crawford, and Brackett series. Bell, Milam, and Lewisville 
are the important stream terrace soils, and Frio and Catalpa are the 
principal first-bottom soils. In the Lampasas Cut Plain Section, much soil 
consists of light-colored, shallow, calcareous material overlying limestone 
(Brackett soil) . 



Rig. 302. — Rejuvenation of overgrazed pasture by contour furrowing, East Cross Tim- 
bers section, Texas. Buffalo grass rapidly spreading as result of water conserved by the 
furrows. Durant soil of 2 per cent slope. {Photograph hy Soil Conservation Service.) 


The native prairie vegetation consists of palatable grasses, such as 
buffalo, bluestems, side-oats grama, and curly mesquite. Mesquite trees 
are scatteringly present throughout the Fort Worth Prairie and East 
Cross Timbers Sections. Juniper and oak are common, often in dense 
stands, on the steep, thin lands of the southern part. The grass cover 
frequently is thin among these 'trees. 

As the result of improper grazing, weeds and annual grasses are 
^owding out the better range plants. Erosion has rather severely affected 
»ich of the cultivated and grazed lands, as indicated in Table 46. 

In the East Cross Timbers section, erosion is very severe on the 
steeper sloping lands, such as the red post-oak sandy land. Even the 
smoother areas, including pasture (Fig. 802) and cropland, generally need 
some form of protection. 

West Cross Timbers 

The West Cross Timbers area, comprising about 17 million acres, is 
predominantly gently rolling to hiUy. Although large areas consist of 
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hilly to rough stony land, many of the broader divides are occupied by 
relatively smooth country. The principal streams crossing the area are 
the Red, Brazos, and Colorado Rivers. These and some of their tributaries 
have cut deep, narrow valleys, bordered in many places with strips of 
rough country. 

Post oak and blackjack oak are the principal trees. The soils are 
derived largely from sandstone and are predominantly sandy. The most 
important upland type is the light-colored Windthorst fine sandy loam. 
This has a red, moderately stiff sandy clay subsoil. The Nimrod soils 
are lighter colored and more sandy. 

Cotton is the principal cash crop on most farms. Corn and feed crops 
are also grown by most farmers, chiefly for consumption on the farm. 
Peaches, melons, vegetables, and peanuts supply a part of the farm 
income in many localities. Small grain is grown on some of the heavier 
land of the included prairie areas. The raising of livestock is important 
in some localities, particularly on the included prairies. 

Erosion has severely affected much of the cultivated land, as indicated 
in Table 46. Control measures, such as those referred to above, are 
proving highly effective not only in checking erosion but in conservation 
of rainfall and reducing floods along streams whose watersheds are largely 
covered by the work (see footnote, pp. 614-615, Chapter XXIX). 

Edwards Plateau 

The Edwards Plateau is a high, rather intricately dissected limestone 
plateau, with a total land area of some million acres. It is bounded on 
the north by the Great Plains, with a fairly sharp line of separation. On 
the east, it merges with the Lampasas Cut Plain sector, generally without 
any very distinct boundary. On the south, however, the Balcones Escarp- 
ment sharply defines the boundary with the Rio Grande Plain. West of 
this Plain, the Plateau crosses the Rio Grande into Mexico. 

Many of the streams have carved steep-walled, narrow valleys, fre- 
quently bordered with rough country. Rock outcrop in the form of cliffs 
and steep, rough slopes are of common occurrence near the principal 
drainages. Remnants of the higher plateau level are flat to undulating or 
gently rolling on top. Runoff usually is rapid, and soil losses are often 
heavy on exposed land, even where the slopes are mild. 

The soils are underlain at comparatively shallow depths by limestone 
or interbedded limestone and chalky material. The principal types in the 
eastern part are the brown Denton clay and the black San Saba clay. 
With the decreasing rainfall toward the west, first the Valera soils arc 
encountered, and then the Reagan and Ector groups, all of which are 
highly calcareous and of an ashy color. 
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Included with the Edwards Plateau is an area known as the Central 
Basin, or Llano Basin, in which erosion has exposed a considerable area 
of crystalline rocks, such as granite, gneiss, and schist. Characteris- 
tically, this is a rolling to hilly country, with rather broad basins. The 



Fig. 303. — Above, pasture contouring, with, ends of contour ridges turned upslope to 
hold all rainfall, 1936; below, grass recovery on same area, 1937. Thus, rainfall that would 
have run to waste is stored in the soil for the production of grass. Near San Angelo, Texas. 
{Photographs by Soil Conservation Service.) 

rougher lands are usually stony and best suited to grazing, but there is 
considerable good farm land on the smoother areas. 

The native vegetation consists largely of tall and short grasses, along 
with many small and some fairly large stands of mesquite trees, oak, 
juniper, and, in the extreme western part, desert shrubs. Although post 
oak is plentiful in the eastern part, live oak is conspicuous over 
much of the central area, along with considerable mesquite and some 
shin oak. 
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In the western sector, the larger growth consists principally of such 
shrubs as mesquite, catclaw, sumac, buckthorn, and agrito, with sotol, 
lechuguilla, yucca, cacti, and other desert plants in the extreme western 
section. Buffalo grass, curly mesquite, little and big bluestem, side-oats 
grama, and other grasses grow luxuriantly, where not excessively grazed, 
on the deeper soils of the eastern and central sections and on the rich 



Pig. 304. — Above, contour-listed range, near San Angelo, Texas, 1936; below, same area 
1937, with buffalo grass predominating. {Photographs hy Soil Conservation Service.) 


valley lowlands. Grasses are scarcer on the shallower soil and in the drier 
western part of the area. Overgrazing appears to have caused the spread 
of useless weeds. Conservation of moisture by contouring (Pigs. 303 and 
304) and adjustment of grazing to carrying capacity are giving splendid 
results. 

The principal agricultural enterprise of the Edwards Plateau is the 
raising of livestock — cattle, sheep, and goats. Locally, on the deeper 
soils, cotton, corn, small grain, and the sorghums are grown. Erosion is 
an important problem on much of the cultivated land and a considerable 
part of the range. 
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Soil and Water Conservation Work 

Muck eflfective work in soil and water conservation has been carried 
out recently in the Edwards Plateau-Fort Worth Prairie-Cross Timbers 
area. A number of demonstration projects and CCC camps in various 
parts of the problem area have contributed to this. More than 600 opera- 
tors have entered into cooperative arrangements with the projects and 
camps to develop on their farm and ranch enterprises a complete program 
of soil and water conservation. As an illustration of the accomplishments 
in the Fort Worth Prairie and West Cross Timbers portions of the region, 
48,000 acres have been put under contour tillage, with strip cropping 
on 4^,000 and terracing on ^ 3,000 acres; 66,000 acres of pasture have 
been improved by contour furrowing and other treatment; and a large 
area of highly erodible cropland has been shifted from cultivation to 
permanent grass and trees. 





Chapter XXXVI 1. Colorado River 
Basin Region 


The Colorado River Basin Region (Map 14) is a roughly defined soil 
and water conservation problem area of such vast extent that only a few 
of its more outstanding characteristics can be summarized here.^ Under 
five major subdivisions, some of the more important physical aspects 
and problems are briefly treated below* Actually, each subdivision indi- 
vidually includes a variety of distinct soil, topographic, climatic, vegeta- 
tive, erosion, and agricultural conditions. These numerous areas of 
distinctive characteristics and special problems cannot be treated sepa- 
rately in this volume, but the problems of major or average importance 
are pointed out in sufldcient detail to give a fairly broad conception of the 
regional seriousness of range conditions, erosion, floods, and siltation, 
and the practical possibilities of remedying these conditions. 

Some ^41 million acres are comprised within the region, which covers 
practically all of the Colorado River drainage, together with the basins 
of the Gila and Rio Grande and portions of other headwater drainages 
flowing out of the Colorado Basin region. Broad plateaus of both smooth 
and severely dissected character, mountains, basins without drainage 
outlets, deep canyons, cliffs, breaks, mesas, broad and narrow valleys, 
strips of alluvium, extensive areas of valley«fill land, and bare salt flats 
are some of the more prominent features of the terrain. Climatically, the 
range is from absolute desert to timbered elevations of high rainfall and 
short growing seasons. Land utility varies from valueless desert and 
inaccessible rough lands to the most productive type of irrigation farming 
known. With respect to the area utilized, grazing outranks all other 
agricultural interests manyfold. 

Accelerated erosion is a major problem over at least three-fourths 
of the range country. Erosion by water is the principal form of soil strip- 
ping and the major cause of land depletion and siltation of reservoirs. 
Range depletion is both the cause and the result of erosion over a vast 
grazing area. Erosion and range depletion have a clear causative relation 

^ For details see Bowman, Isaiah, “Forest Physiography,*’ pp. 246-297. New York, 
1911. 
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to accelerated floods, and all three are intimately associated with the 
impoverishment of occupants of the land. Wind erosion is also a serious 
problem locally, especially on sandy land. In parts of the Southwest, as 
in the watersheds of the Rio Grande and San Juan, ‘‘sands on the march’* 



Map 14. — Problem area of tbe Colorado River Basin Region. {Soil Conservation Service.) 


— dunes recently developed as the result of overuse of the land — are 
covering good lands to the lea and even ascending the sides of mountains. 

The problem now is to find practical ways to cope with the evil of 
accelerated erosion before additional areas of desert have been formed 
and the economic situation becomes worse. The Soil Conservation Serv- 
ice, the Forest Service, the Division of Grazing, the Bureau of Indian 
Affairs, the Agricultural Adjustment Administration, and other Federal 
agencies as well as state agencies, community organizations, and indi- 
viduals are striving cooperatively to conserve the principal resources 
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of the region — the land, water, and vegetation. Slowly, headway is being 
made in numerous localities, but the major task is still out ahead. 

In setting up three great watershed projects on the Rio Grande, Gila, 
and San Juan-Little Colorado drainages, comprising over 59,000,000 
acres of land, the Soil Conservation Service took a step beyond a purely 
demonstration program. In recognition of both a high degree of public 
responsibility, particularly Federal responsibility, and the closely knit 
relationships between range use and erosion on upper watersheds and 
damage to reservoirs, rivers, and irrigated farm lands below, the Service 
undertook the application of an extensive erosion-control program, which 
at the same time has served as a demonstration program. In this program, 
not only the Soil Conservation Service but other public agencies are 
expected to take their share of responsibility for erosion-control work on 
a large scale on public lands. 

Watershed surveys, covering all phases of land use and condition 
and human need, provide an over-all watershed picture for these areas. 
This broad appraisal of conditions and needs is the basis for finding and 
selecting for immediate work the most critical erosion and silt-contribut- 
ing areas within the watershed — ^areas where erosion control is badly 
needed and which, in the light of the entire watershed picture, must come 
first in erosion-control operations. In this way, the lands throughout 
these large districts are treated as part of a unified plan for the whole 
instead of as separate units without relation to one another. Thus, farm 
and ranch, range land and irrigated land fall together into a living mosaic 
which forms the basis for the operations of the Service in the Colorado 
Basin area. 

Before taking up the individual problems of the major subdivisions 
of the region, some of the principal measures employed generally over the 
area in controlling erosion through the use of various land treatments 
and water-retardation devices, so integrated as to meet the varied needs 
of the highly diversified land, and climatic, vegetative, and economic 
conditions, will be discussed. The principal types of soil and water con- 
servation work engaged in are at least broadly applicable to large areas 
in most or all of the subdivisions. 


Some of the More Important Conservation Measures 
Applicable to the Colorado River Basin Region 

Range Management 

The key to control of erosion on the extensive range lands of the 
Colorado River Basin Region is proper range management. The principal 
measures for successful results are (1) proper stocking of the range as to 
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numbers, (2) proper stocking as to class of livestock, (3) correct seasonal 
use, (4) proper distribution of stock over the range, and (5) conservation 
of rainfall. 

Proper Stocking. Of these measures, proper stocking as to numbers 
is the most important, since without it any effort toward forage protection 
and erosion control is futile. Until proper stocking is achieved, it is scarcely 
worth while to apply additional erosion-control measures. To do so is to 
ignore the experience of 50 years. 



Pig. 305. — Range management, as on the right of the fence, results in better vegetative 
cover and more productive stock. Dona Ana County, New Mexico. {Photograph by Soil 
Conservation Service.) 


Quantitative proof that conservative stocking pays in the short run 
as well as over the long pull has long been needed. Results obtained on 
the demonstration projects of the Soil Conservation Service indicate that 
conservative stocking pays almost immediately (Fig. 305). Gains in 
weight of animals, heavier wool clips, larger calf and lamb crops, and 
smaller death losses are the results that have been achieved by con- 
servative stocking within the demonstration areas, as compared with 
results on overgrazed, eroding ranges outside. 

In these demonstration, areas, surveys are made to determine the 
grazing capacity of each distinctive parcel of land. The density of the 
plant cover is determined, and estimates are made as to the proportion 
of perennial grasses, browse plants, and weeds present, taking into account 
the palatability of the various species; and on the basis of these and 
other factors, the number of stock that the range can properly support 
is determined. These findings are submitted to the user of the range; 
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and if he agrees to adjust his stocking to the estimated grazing capacity, 
a range-management plan for that particular ranch is developed. 

The grazing-capacity figure is a guide to proper stocking only; 
corrections upward or downward are made to hold stocking in line with 
the changing condition of the range during usage, due to improvement 
of the forage by favorable rains or to decline as the result of drought. 
If forage growth and density of cover improve rapidly, the grazing- 
capacity estimate may be increased; if improvement is slow because of 
drought, stocking is decreased further. 

Correct Seasonal. Use. Wide local and general variations occur 
in the amount of forage produced yearly as the result of seasonal factors, 
principally variations in rainfall. Such changes necessitate a system of 
grazing that provides for alternating periods of use and protection such 
as favor increased vigor or density of the forage. On range suited to 
year-long use, the deferred-rotation system of grazing provides protection 
during the seed-producing period on a different portion of the total area 
each year. 

The rotation plan is so arranged that, on those areas where the amount 
of forage produced is the least, additional protection from grazing may 
be obtained. On range land that is distinctly favorable to seasonal use, 
control of the opening grazing dates is important. Vegetative readiness is 
an important factor in the proper use of a seasonal range. Total exclusion 
for any one or all of the seasonal ranges is advocated as a part of the 
rotation system only when the range is in such condition that complete 
rest is desirable to promote vegetative recovery. 

Aids to Distribution of Livestock. A more nearly uniform distri- 
bution of livestock is obtained mainly by building fences, developing 
water, herding, and proper use and distribution of salt. 

These aids favor uniform grazing, which, in turn, serves to protect 
plant cover by preventing overuse of one part of the range through 
concentration of stock. Drift and pasture fences enable the rancher to 
adjust grazing to the proper season, to avoid grazing before the range is 
ready, and to practice deferred and rotation grazing. This allows the grass 
to gain vigor and to produce more forage as well as seed. Fencing off 
bull and buck pastures permits a rancher to regulate the breeding season 
and thus avoid high death losses from lambing and calving in unseasonable 
weather. Fences also hold down losses from straying and stop trespass. 

Watering places are developed not more than 3 or 4 miles apart, 
where practicable, so that stock will not need to travel more than 2 
miles, at most, for water. An adequate number of watering places holds 
trailing to a minimum. 

Salting in little-used areas between established watering places helps 
to spread cattle over the range. Cattle crave salt, and they tend to graze 
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from water to salt and from salt to water. Salting near water tends to 
hold cattle at the watering places, where they remain concentrated until 
often the cover is completely destroyed, and serious erosion sets in. 
Salting places are changed from time to time to prevent denuding an 
area by attracting the animals to other parts of the range. 

. Strxjctubal Aids in Erosion Control 

Where erosion is controlled in its early stages, when the vegetation 
first starts to give way, when the first small rills are forming in the upper 
reaches of a watershed, the use of structures generally is unnecessary. 
But over many millions of western acres, erosion has gone far beyond the 
early stage. Over numerous areas, vegetation has been depleted or largely 
changed in composition and value, and the scant supply of water drains 
rapidly from the surface, cutting away soil and gouging rills and gullies. 

The balance in many places has turned too far downward, so that 
structures are needed to tip it upward. Water is the key to a better cover 
of grass and other vegetation. By holding and spreading water, by check- 
ing erosion until vegetation can get a new foothold, structures speed 
recovery and erosion control. By increasing the water supply and vegeta- 
tion in depleted areas, structural aids bring a better support to dependent 
stock and people. 

Water Spreaders. Water spreaders have been extensively used 
in the region to divert water from gullies out over near-by flats to stop 
blowing or washing and to increase the vegetative cover. In this way, 
water that would run to waste is put to use. The spreader may be a small 
or large structure made of earth, rock, brush, or a combination of these 
materials. 

Hundreds of such spreaders are in use on the erosion-control areas. 
Most of them are of the smaller type and divert water from the heads of 
small gullies. Some are larger installations, or spreader systems, which 
distribute water over large areas of meadow or cropland where it once 
naturally spread from the original shallow channel. The smaller struc- 
tures, which cost little to build, have proved their worth when built 
of suitable material and placed in properly selected locations. The larger 
ones, in view of their cost and great loss in case of failure, need longer 
trial before they can be recommended for general use over the ranges 
of the Colorado Basin region. Time alone can answer some of the ques- 
tions that have been raised about water spreading. Will deposition of silt 
from the flood waters spread over the treated area eventually kill the 
grass or buUd up the flood area so that spreading becomes impracticable ? 
Meanwhile, grass waves luxuriantly over formerly denuded areas that 
have been treated, and many millions of tons of soil are being held out of 
costly reservoirs. 
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Some of the larger spreaders installed in this region divert water 
accumulated from watersheds of several thousand acres. Thus far, after 
four years, most of them are working satisfactorily. Prom acres of land 
below one dike and spreader system at Mexican Springs, on the Navajo 
Reservation, 40 tons of hay were cut in 1936 from land that two years 
before had been practically bare of grass. This yield is about half that 
which may be expected from irrigated land. Above another spreader 
distributing water accumulated from a ^,552-acre watershed, 4,600 cubic 
yards of silt were caught and retained in the gully channel. Behind a dike 
across Deer Springs Wash near by, 28,760 cubic yards of silt collected 
from 3,600 acres. These diked gullies, instead of growing deeper and 
wider with each storm, are healing and revegetating. 

Water spreading by means of large structures appears to be an espe- 
cially promising measure for ranges of low grazing capacity, where most 
of the feed is grown in small, favored areas. In the lower lands on the 
Upper Gila watershed, much of the forage formerly grew on the broad 
saccaton flats in the major valleys and in the shallow tobosa swales 
between ridges sparsely covered with creosote shrubs. Although saccaton 
and tobosa grasses are not highly palatable all year, they furnish during 
spring and summer a luxuriant growth relished by most livestock. And 
saccaton, even when mature, will be eaten in times of drought, when the 
grama grasses on the hillsides are dry and tough. 

In the lower, hard-used portions of the valleys, these grasses, robbed 
of flood water from surroimding slopes by quick drainage through erosion- 
gouged gullies, have died out. Here, by use of dikes and water spreaders, 
effort is being made to restore grass to the flats. The method is illustrated 
on the Freeman Flat experimental area at SafEord, Ariz.^ comprising 
800 acres in the flat and 3,000 acres over the watershed above. An arroyo 
winds through the flat for several miles ; at its lower end, on the outskirts 
of SaSord, it forks, and two washes, 25 feet deep and 40 to 100 feet wide, 
guide flood waters to valuable irrigated lands along the banks of the 
Gila River. 

By agreement with cooperating ranchers, control of stocking was 
obtained over the whole of this little watershed, and stocking was ad- 
justed to grazing capacity. Some small earth diversion dikes were thrown 
across the smaller washes. At the upper end of the flat, a major structure, 
a dike, was built across the head of the arroyo. This diverted the water 
out from the deep channel of the arroyo and carried it to the flats on both 
sides, where it was spread in a thin sheet over some 450 acres by a series 
of rock and brush spreaders. Perennial grasses — saccaton and Rothrox 
grama, principally — ^were seeded on the flat in moist places, and trees 
and shrubs — ^willows, tamarisk, and hatamoU — were planted in the 
arroyo. 



788 


SOIL CONSEEVATION 


Three years ago, before treatment, the flat was practically bare of 
grass. A sparse growth of burroweed, salt bush, creosote bush, and mes- 
quite covered some areas. After water was spread, some annual grasses 
and weeds appeared the first year, then much salt bush, followed by 
perennial grasses that had been broadcast behind the spreaders. It is 
estimated that two years after seeding, the grass will yield tons to 
the acre and pasture for 30 cows for the four spring months. 

The use of the larger types of water-spreading systems, such as that 
of the Freeman Flat experiment, is restricted to areas where there is a 
clear legal right to the water. The vested rights of irrigation districts 
below make this necessary. The policy of the Soil Conservation Service 
is to confine use of large spreaders to areas that have been severely de- 
pleted by erosion and that have been natural spreading areas within the 
memory of living men. The practice also is limited by soil type and 
rainfall. If runoff is light and infrequent, spreaders are not installed. If 
the soil is impervious and incapable of holding suflicient moisture to start 
and maintain growth, such structures cannot be used successfully. 

CoNTOXjB Furrows. Contour furrowing is considered one of the 
most effective soil and moisture conservation practices now being em- 
ployed in the Southwest. Such furrows have proved especially beneficial 
in areas having a rather high vegetative potential. On soil types of low 
moisture-holding capacity, on the other hand, contour furrowing appears 
to have doubtful value. On stiff clays of high salt content, the practice 
has given poor results; the surface tends to seal over and prevent 
infiltration. 

Most of the contour furrowing in this region has been functioning not 
longer than two or three years, and it is perhaps too early to determine 
definitely its place in an erosion-control program for all types of land. In 
the buffalo-grass country to the east, excellent improvement in contour- 
furrowed pastures has occurred during this period. In the grama-grass 
and bunch-grass areas of the Southwest, the response of vegetation has 
not everywhere been so pronoxmced, although the furrows have effectively 
controlled runoff and erosion. In most places, the response in the first 
year is a good growth of weeds. In the second and third years, perennial 
grasses begin to appear, and it remains to be seen how soon the perennials 
will displace the weeds. 

As a means of controlling runoff in the Colorado Basin region, contour 
furrowing needs no defense. In all instances, the furrows have retarded 
runoff and arrested erosion effectively. During the first week of March, 
1938, at St. George, Utah, for example, a furrowed area was subjected to 
severe test by a rain of approximately 6^ inches which fell on a denuded 
area furrowed six months previously. Little runoff occurred, whereas 
surrounding untreated range lands contributed largely to a severe flood 
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in the Virgin River. Tests following the storm revealed the fact that 
moisture had penetrated to depths of 27 to 30 inches immediately above 
and below the furrows and only 15 to 18 inches on untreated areas. Runoff 
from the untreated areas carried away much of the surface soil and con- 
tributed to a flood which ruined many acres of productive river-bottom 
land, drowned livestock, destroyed roads and bridges, and added to the 
silt load carried toward Boulder Dam. On the furrowed area, there was 
little soil movement; most of the water was absorbed by the soil. 

Percolators. Percolators, or pervious dams, are used widely to 
retard runoff and erosion. Their use is restricted generally to land sloping 
not more than 8 or 10 feet in 100 and to areas of thinly vegetated, dense 
soils which have not eroded to the stage of gullying. On these lands, 
vegetation has not recovered quickly under improved range management, 
but percolators have proved effective in reducing erosion and increasing 
growth of vegetation. 

Percolators are constructed of rock or brush, or a combination of these 
materials, in such a way as to impede but not completely halt runoff. 
Spacing is adjusted to slope, the structures being placed 30 feet apart on 
the steeper slopes and 100 feet or more on the gentle slopes. 

Crescents. On steeper slopes and rougher lands, crescents are more 
applicable than contour furrows or percolators. These small, crescent- 
shaped structures are 15 to 18 feet wide from tip to tip and 12 to 18 inches 
high on the lower side. The points of the crescent are turned uphill. 
They are used primarily to protect lower lying lands from runoff and 
overwash. Usually, from 20 to 25 are installed on each acre. 

Gtjlly Detentions. In the early formative stages of the erosion- 
control program in the Colorado Basin region, gully detentions (fre- 
quently called gully plugs or check dams) were used extensively. Generally, 
these have arrested gully cutting effectively where used on slopes of not 
more than 15 per cent; but they cannot be recommended for general use. 
The cost is too great for the good that they do, except under unusual 
circumstances. Gully detentions appear to have a worth-while place, 
however, when used, for example, to protect irrigated land or irrigation 
works immediately below or to stabilize the bottoms and banks of 
gullies. Only on the flat, gentle slopes do they catch enough silt to justify 
their cost. 

Structures to Control Head Cutting. Once a gully has started, 
it usually continues to cut headward through a valley, even where the 
valley is fairly well covered with grass. Head cutting of this kind has 
destroyed much of the most valuable range land. Control of such ravines 
yields large returns in proportion to expenditures. 

In many instances it is possible to stop head cutting of large gullies 
by constructing a diversion dike about 50 feet above the head so as to 
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take the water out of the gully and spread it to either side. Often, how- 
ever, the spreading area is not sufficiently extensive to take care of the 
diverted water, or an occasional flow may be greater than the spreader 
system can handle. In such instances, drop structures made of masonry 
or concrete, or chutes made of these materials, have proved very satis- 
factory in head cuts of more than 6 or 7 feet deep. If the drop is less, 
plugs or brush or rock may suffice. 

On cattle ranges, use of the range often is concentrated along streams, 
ephemeral arroyos, and washes. Concentration and heavy grazing along 
channels tends to prevent reproduction of small willows, cottonwoods, 
and other trees and vegetation which normally stabilize the banks. Such 
situations are often the key to the control of erosion and silt in large 
watersheds. 

Fencing of strips along the waterways a mile or two long and a hun- 
dred yards to a half mile wide is proving very successful in controlling 
erosion. It gives natural vegetation a chance to take new hold on the 
banks and provides protection to replantings and seedlngs in these areas. 
A relatively inexpensive process, it often takes the place of structures or 
provides added protection for structures that may be placed in the 
channels. 

Stock is excluded from these protective strips for £ years after fencing. 
Then, limited use of the wider strips as reserve or holding pastures may 
be allowed in some cases. 


Colorado Plateau 

The Colorado Plateau, comprising some 81 million acres, occupies 
roughly the northern third of Arizona, a large area in northwestern New 
Mexico, a large part of southeastern Utah, and a strip across Colorado 
west of the Rocky Mountains. A small portion crosses the southeastern 
corner of Nevada. 

Although the region has the general appearance of a plain, numerous 
areas are severely dissected. Here and there, a mountain, such as San 
Francisco Peak near Flagstaff, Ariz., rises conspicuously above the 
general upland level. 

Although much of the land is of relatively smooth plateau character, 
numerous areas of rough, broken country occmr throughout the Plateau 
region. Probably about half of it is rough terrain, covering such broadly 
defined types as rough broken landy or badlands; canyons and breaks; 
painted desert; mesas; cliffs; and intricately dissected fiatlands. Although 
detailed surveys have not been extended far enough to provide an accu- 
rate statement of the proportion of land unsuitable for important prac- 
tical use, it is estimated that about half of this rougher country is too 
broken, too thinly or scatteringly vegetated, too susceptible to erosion, 
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or too far from water for economical grazing. If these estimates are 
approximately accurate, about a fourth of this problem area is very 
nearly worthless in its present condition. Some parts of these rougher 
areas, however, can be improved by good range management and water 
development. 

The elevation of the greater part of the plateau ranges from about 
4,000 to 8,000 feet above sea level. ^ 

The Colorado and its principal tributary Green River have their 
headwaters in the enclosing mountains. Emerging from the steeper high- 
land, their valleys broaden in the foothills only to be restricted again in 





Fig. 306. — The channels of major streams of the Colorado Plateau are deeply 
entrenched, and much of the adjacent country is exceedingly rough. Arizona. (Photograph 
by Soil Conservation Service,) 


their course through the Colorado Plateau, where the channels become 
deeply entrenched (Fig. 306). The Grand Canyon, with a depth exceeding 
6,000 feet, illustrates the erosive power of flowing water through the 
softly consolidated formations of the Plateau. The breaks leading to these 
great canyons, as well as many of the tributary canyons, are excessively 
steep and include numerous cliffs and inaccessible areas. 

The climate is semiarid, with an average annual precipitation of 
about 10 inches over the greater part of the area. Rainfall (including 
snow) ranges as high as ^0 inches over some of the higher elevations, 
usually of small areal extent, and as low as 7 inches in some other local- 

^ See map Physical Features of the United States. “Atlas of American Agriculture.” U. S. 
Department of Agriculture 1936. Gregory, H. E., U. S, Geol. Survey, Water Supply Paper 
380, 1936. Fenneman, N. M. “Physiography of Western United States.” New York. 1931. 
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ities. Precipitation is about equally divided between winter and summer. 
Winter rains. However, usually are gentle and of broad extent, seldom 
resulting in marked runoflE or severe erosion. In contrast, summer rains 
characteristically are of much more local character; they are more 
intense and produce a great deal more erosion. 

The growing season through most of this high country averages 
about 4 to 5 months. Within this area occur many bodies of irrigated 
land. Very little dry farming is attempted, but irrigation farming is of 
large importance locally. Patches of flatland at the base of highlands and 
along some of the streams are farmed here and there through the use of 
diverted flood waters. About 95 per cent of the area has no other present 
use except for grazing of sheep and cattle. To some extent, even the 
rougher lands are grazed, but forage is scant and much more scattered, 
so that the industry is of much less importance in proportion to area 
than on the smoother lands. 

Because of the low and uncertain character of precipitation, the 
moisture requirements of useful vegetation usually range close to 
the danger line in this arid to semiarid region. This marginality of the 
moisture supply is further intensified by unfavorable soil conditions over 
a large aggregate area. Whenever the moisture supply is favorable, how- 
ever, the warm summers are conducive to maximum production of 
grass and crops. 

Winds of high intensity are common during the early spring and fall 
months throughout the Colorado Plateau. 

Some of the most serious erosion of the entire Colorado River Basin 
region is encountered in the Plateau section. Sheet erosion is most serious, 
but gullying is destructive locally, particularly on the more productive 
alluvial and valley-fill lands (Fig. 807). Over many large areas, gullying 
has become a characteristic feature of the valleys and basins. Most of 
them are of the straight-walled, undercutting type which branch and 
expand rapidly wherever the watersheds are overgrazed. Gullying, how- 
ever, is not restricted to the valley lands; many overgrazed slopes have 
been scarred with short ravines, especially on the heavier shale-derived 
soils of high salinity. But sheet washing is the principal menace to the 
more sloping areas. It is taking place over the greater part of the uplands, 
most seriously where the surface has been bared or nearly bared of vege- 
tation. Because of the relatively larger area of sandy land, wind erosion 
is most serious in the southern sector. 

The soils of the northern part of the Plateau are derived largely 
from the underlying shales and fine-textured sandstones. Many of the 
shales, such as those of the Mancos formation, contain relatively large 
quantities of salt and give rise to soil much of which is excessively impreg- 
nated with water-soluble salts (alkali) . In general, the soils are calcareous 
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and of light-brown or grayish-brown color. The subsoils generally are 
only slightly heavier than the material of the surface. They are dis- 
tinguished chiefly from the topsoil by their accumulation of lime car- 
bonate. Saline shales have given rise to rather broad belts of heavy 
grayish soils along the San Juan River throughout most of its course 
in New Mexico, Arizona, and Utah, 

South of the San Juan, a larger proportion of the soils is derived 
from yellowish to reddish sandstone, and is of sandy texture. Clay areas 



Pig. 307. — Gullying is destructive in the alluvial or valley-fill areas. Oraibi Wash, Arizona. 
About four miles above Tolani Lake. {Photograph hy Soil Conservation Service.) 


here and there are derived from shale, and some of these contain con- 
siderable salt. For the most part, the soils of the southern sector are 
brown, light blown, or grayish brown in the surface, moderately calcare- 
ous, and of good absorptive capacity. The subsoils are of darker brown or 
more reddish color, usually higher in content of clay, and carry more lime 
carbonate. In general, the soils of this southern area are more favorable to 
plant growth with the same rainfall because of better permeability and 
lower salinity. 

The three most important groups of soils in the Colorado Plateau are 
those derived, respectively, from sandstone, shale, and valley-fill mate- 
rials. Sandstone-derived soils are of general occurrence throughout the 
Uncompahgre Plateau in west-central Colorado and over much of the 
Little Colorado watershed west of the Arizona-New Mexico line. 

In general, these sandstone lands exhibit a number of common fea- 
tures. The surface soils are yellowish to light reddish brown, friable, and 
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usually relatively low in content of lime carbonate, whereas the sharply 
defined subsoil is darker colored, hard, moderately to highly calcareous, 
and of prismatic structure. Generally, the soils have good water-holding 
capacity, except where the parent sandstone occurs at shallow depths. 
Where the cover of grass, sage, and other low growth has not been dis- 
turbed by grazing, erosion is of no importance; but under conditions of 
depleted vegetation, as the result of overgrazing, sheet erosion, gullying, 
and wind erosion are active over large areas. 

The principal soils are the Shavano, Defiance, Pinedale, and Lobe. 
The Shavano soils occupy the lower elevations and are the least resistant 
to erosion. The others are more or less similar, differing from the Shavano 
chiefly in rather minor profile aspects. Locally, the soil has washed off 
to bedrock as the result of overgrazing, such as the areas found here and 
there on formerly timbered slopes of the Shuska Mountains, near Mexican 
Springs, in northwestern New Mexico. 

Shale-derived soils are about as extensive as those developed over 
sandstone. They are of broad occurrence in eastern Utah and occupy most 
of the lower elevations of western Colorado and northern New Mexico. 
Mainly, the surface soils consist of light-brown to dark grayish-brown 
(nearly black when wet) clay, overlying similarly colored, hard subsoils 
which show a cloddy structure on disturbance. At depths seldom greater 
than about inches, partly decomposed shale fragments are usually 
present. The soils are almost universally calcareous, frequently alkaline, 
and contain gypsum crystals in many localities. Vegetation is generally 
thinner than on the sandstone soils of the region. Erosion is severe nearly 
everywhere. Gullies are numerous but generally shallow because of the 
compact, underlying shales. These soils are adapted only to grazing. 
The principal series is the Chipeta. 

The valley-fill or water-transported soils are generally quite similar. 
Most of them are light brownish in color, showing little change through 
the profile, except that at depths usually exceeding 3 feet sandy or 
gravelly strata are frequently encountered. In some localities where the 
uplands are occupied extensively by reddish sandstone soils, the color 
of the valley-fill areas is light reddish to dark reddish brown. Originally, 
the larger proportion of the area occupied by these soils was well vege- 
tated; but with the introduction of grazing, erosion has become generally 
active, especially channel cutting or gullying. The principal series are 
the Winslow, Shiprock, Weepo, and Dinnehotso. Some extensive valley- 
fill areas derived largely from shale outwash, such as those in northwestern 
New Mexico, western Colorado, and eastern Utah, consist of grayish- 
brown to light-brown clays and clay loams. When dry, these usually are 
loose or granular to depths not exceeding about 6 inches, below which 
relatively hard clay of about the same color is encountered. These soils 
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are tigHy calcareous; they shrink and crack deeply on drying. On wetting, 
the clay swells to a tough, dense mass of impervious nature. Erosion has 
produced numerous deep, wide-bottom gullies. Flood flows rapidly under- 
mine the soil, cutting away the unstable lower strata and causing great 
masses of material to cave in. Usually, sheet erosion is also serious in all 
overgrazed areas. The principal soil group is the Billings. 

Local areas of clay loam and clay of brown to reddish-brown color have 
been derived from basalt, as in parts of northwestern Arizona. These are 
frequently stony but produce good grass as well as timber where the rain- 
fall is adequate. 

The northern extension of the area included under the Colorado 
Plateau is known as the Wyoming Basin, This is prevailingly undulating 
to rolling country in south-central Wyoming. A small part extends into 
northern Colorado. Most of the Basin drains to the Colorado River via 
Green River. The general elevation is about 6,000 to 7,000 feet, although 
some included mountainous areas are much higher. Precipitation nor- 
mally is less than 13 inches. Alkali and near-alkali conditions are wide- 
spread. The soils predominantly are light-brown to red fine sandy loams 
and loams of fairly good depth. Most of the area is adapted only to graz- 
ing, although a number of alluvial areas with available water are cultivated 
under irrigation. Dry farming is carried on in some localities, producing 
principally wheat and feed for livestock. 

Ordinarily, erosion by wind is more serious than by water, although 
summer rains of higher intensity sometimes remove large quantities of 
soil from sparsely vegetated areas. In the southern, or Red Desert, 
section, it is not uncommon to find clumps of sage and tufts of grass 
standing on conspicuous pedestals as the result of both wind and water 
erosion. 

Sagebush {Artemisia tridentata) is so abundant that much of the 
country is designated locally as sagebrush.” Saltbush and greasewood 
occupy many of the saline flats, where the heavier soils usually occur. 
Blue grama, western wheat grass, spiked wheat grass, and niggerwool 
are fairly abundant in localities not depleted by overgrazing. Galleta 
is one of the dominant grasses in the southern sector. Much of the area 
has been overused for winter range. Portions of the Red Desert section 
require from 100 to about 1,200 acres to support an animal unit one year. 
The western and southern borders extend into mountainous country of 
higher rainfall and better range. 

From the standpoint of erosion control and water conservation, 
commercial production of small grain by dry farming should give way 
more to the growing of livestock feed. With respect to the range, such 
large acreages of cheap land are-utilized that it is commonly felt that 
comparatively little expense is justified for conservation measures. The 
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most economical procedure includes range improvement by proper stock- 
ing, better distribution of the animals, and adjustment of grazing to 
seasonal conditions, together with adequate stock-water development, 
water spreading, and conservation of rainfall by contouring in the more 
favorable areas. 

In cooperation with those using the range, the Division of Grazing, 
Department of the Interior, is undertaking here, as in many other parts 
of the Western range, to improve conditions through administrative 
grazing districts. 

A considerable part of the area — most of the rougher lands — consists 
of exposed geological material on which erosion has long been too active 
for the development of true soil. 

A very large part of the land of the Colorado Plateau is under public 
ownership or control, representing principally public domain, national 
forest, Indian reservations, and state lands. Privately owned lands 
consist chiefly of the large irrigated areas, ‘‘railroad ’’ lands, and relatively 
small tracts of range. The Federal Government has made large invest- 
ments in this region, as in the Indian reservations and Boulder Dam. 

For these and other reasons, responsibility for erosion control, con- 
servation of water, and better land use is largely that of the Federal 
Government. 

The San Juan, draining directly into Lake Mead, probably carries the 
heaviest silt load of any stream of equal size in the United States. It 
drains most of the 16 million acres included in the Navajo Indian Reserva- 
tion, where approximately 50 thousand Indians are faced with the 
menacing problem of decreasing possibilities for a livelihood because 
of the decline of their range under the impact of overuse and increasing 
erosion. 

Accordingly, the Navajo soil and water conservation project was 
established in 1934. Although the project was extended in 1937 to include 
some 12 million acres of non-Indian land on the San Juan and Little 
Colorado drainages, the major erosion-control program of the Colorado 
Plateau has been carried forward on the Navajo Reservation. 

NAVAJO beseuvation erosion-contbol project 

The Soil Conservation Service has joined forces with the Bureau of 
Indian Affairs in an effort to develop an over-all program of land manage- 
ment and erosion control for the entire Navajo Reservation. The plan of 
land management is based on every phase of resource use on the reserva- 
tion. As a first step, 12 demonstration areas of from 4,000 to 38,000 acres 
each were selected in various representative parts of the reservation to 
serve as proving grounds. These have been fenced, a variety of erosion- 
control and water-spreading structures installed, new watering places 



COLORADO RIVER BASIN REGION 


797 


developed to permit uniform grazing, and stocking adjusted to grazing 
capacity. 

For example, the 8,000-acre enclosure on the Ganado demonstration 
was stocked to estimated grazing capacity in the fall of 1935. Twelve 
Navajo sheep raisers furnished 400 ewes. The lamb crop from 400 ewes 
for the 1935-1936 grazing season was 93 per cent. The lambs averaged 
67 pounds and brought 7 cents a pound, a premium price. At marketing, 
the oldest lambs were only a few weeks over five months of age. All were 
born within a thirty-five day period. Traders in the vicinity paid a pre- 
mium because they had contracted to supply buyers with lambs that aver- 
aged 55 pounds. The heavier animals from the demonstration area were 
in demand to bring up the average weights. 

Outside the area, the corresponding lamb crop, produced under 
prevailing Indian practices, was only 61 per cent — a third smaller. The 
average weight of the lambs was 45 pounds — a third less. They brought 
only 5 to 6 cents a pound. Since the bucks had run witlj. the ewes yearlong, 
the lambs were of various ages, from six to eight months old, and lacked 
uniformity. 

Inside the demonstration area, the average wool clip from the ewes 
was 8.17 pounds per sheep unit; outside, 5 pounds, a difference of 3.17 
pounds. At 25 cents a pound for wool and 6 cents a pound for lambs, the 
income per sheep unit inside the area was $5.78; outside the area, $3.08 — 
a difference of $2.70 in favor of the demonstration sheep. Actually, the 
prices received for fleeces and lambs from inside the area were higher 
than prices received for fleeces and lambs produced outside the area. 

For the grazing season of 1936-1937, the record was even better. 
The lamb crop was 98 per cent, 5 per cent higher than the year before, 
and lambs averaged 73 pounds weaned for market (Fig. 308). Traders 
said lambs outside the area were averaging 55 pounds that season, or 
18 pounds less than demonstration lambs. 

By demonstrations such as these, it is hoped to convince the Nava j os 
that improvement of the range by conservation of rainfall, together with 
conservative stocking and better range management, will pay. There is 
evidence that their interest is becoming aroused. When the first demon- 
strations were set up, it was difficult to induce the Indians to part with 
their sheep. They did not trust the Government or the white man’s 
technique and feared that they might lose their stock. This attitude is 
changing since news of the results at demonstration centers has passed 
around the reservation. At present, more sheep are offered by the Indians 
for demonstration than can be accepted. 

Although the demonstration areas were being established, surveys 
were started over the reservation to determine the condition of the range, 
the uses that were being made of the land, and the specific locality needs 
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with respect to range-managemeat and farming practices. The informa- 
tion collected was used to devise a reservation-wide erosion-control and 
range-management program. The reservation subsequently was divided 
into 18 districts, or range-management units, varying in size from 850,000 
to 2,000,000 acres. Livestock-management plans and other erosion-control 
measures were drawn up district by district. Now, in each of these dis- 
tricts, the Navajos are gradually bringing about an adjustment of live- 
stock numbers to the grazing capacity of the reservation lands. 



Eig. 308. — On the Ganado demonstration project of the Navajo Beservation the lamb 
crop for 1936-1937 was 98 per cent, and the lambs averaged 73 pounds, as compared with 
55 pounds for animals raised outside under prevailing practices. Arizona. (Photogra-ph hy 
Soil Conservation Service,) 

Reduction in numbers of livestock does not come easily to the 
Navajos, for the Indian stockman, even more than the white stockman, 
measures wealth in terms of livestock, not dollars. So firmly fixed in the 
mind of the Navajo is the idea that wealth is measured by the number of 
livestock owned that any sale is regarded as a reduction, even where 
sales result only in culling the herds or disposal of natural increases by 
normal stock sales. His point of view is that only sheep and goats pro- 
vide against the rainy day. 

Close culling of livestock would in itself provide some measure of 
relief to the range without curtailing the Navajo’s income from his flock. 
The attachment of the Indian to his stock is such that he holds on to 
many more horses than he needs, aged ewes, barren cows, wethers, and 
undesirable bulls and bucks long after the stockman with a keener profit- 
taking sense would have disposed of them. Unfortunately, the present 
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grazing capacity of the range is so low, as the result of overgrazing 
induced by a rapidly increasing population within a restricted area, that 
deeper cuts than mere culling are required to bring livestock numbers 
down to the point at which vegetation will improve sufficiently to 
stabilize the land and the economy of the Indians. 

Navajo sheep trail the reservation much more than is necessary. 
The Navajo builds his corral at his hogan (house) and drives his sheep 
home each night and sometimes at noon. He drives them to water and to 
certain browse plants for salt. His band is constantly on the move, often 
at a lope. By this excessive trailing, he harms both his range and his 
sheep. Navajo sheep, competing for the little grass ahead, seem to run 
even as they graze. This habit holds over, according to herdsmen, after 
the sheep are run on a demonstration area where the grass has partly 
recovered. They will run for about £ weeks in such new environment; 
then they seem to learn that it is not necessary. After that they calm 
down and graze quietly. 

A certain amount of trailing has been eliminated by providing several 
hundred new watering places and by rehabilitating some of the old. More 
trailing would be eliminated if the Navajos could be induced to bed their 
sheep out at night, as the Service is urging. 

Breeding, particularly in the small bands, is usually uncontrolled. 
Bucks run with the ewes at all times. Most of the lambs are born around 
the first of April which is at least a month too early. OfE-season lambs and 
lambs of all ages are common in most bands. Bulls run with the cows the 
year round, and calves may be born at any time. Mortality of calves and 
lambs is therefore usually high. In the Navajo conservation program, the 
attempt is being made to solve this problem by inducing the Indians to 
set aside pastures for bucks and bulls and withhold them from the breed- 
ing herd except at certain seasons of the year. 

The Navajo livelihood by no means depends altogether on stock 
raising. In fact, about a fourth of the families own no stock of any kind. 
Farming, rugmaking, silversmithing, and the collection of pinon nuts 
make important contributions to the tribal welfare. In the last 3 or 4 
years, it has been necessary to augment their incomes by programs that 
provide emergency relief work; and this has helped to carry them through 
troublesome times. But wage income from soil conservation work and 
building of roads, fences, stock tanks, and other improvements cannot be 
relied on as a permanent source of income. Yet, as long as the range 
continues on the downgrade, the Navajos may be expected to earn less 
and less from stock. Even though they should adjust their stocking 
to the grazing capacity of their range, they would probably earn less 
from livestock than they now do, at least until the range recovered suffi- 
ciently to permit heavier stocking. This is the Navajo dilemma. 
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The Indians spend a large part of their income for food. By farming 
more land — farming it properly — they could produce more of their food 
at home. Approximately one-fourth of 1 per cent of the reservation is 
now farmed. An agricultural survey in 1935 located 42,300 acres of cul- 
tivated crops. Divided among the present population, this is nine-tenths 
of an acre per person. Land suitable for farming, however, is not uni- 
formly distributed. Certain areas, such as the Chin Lee Valley, are highly 
developed agriculturally, but the typical situation for the reservation as a 
whole is one of small fields widely scattered. The 1935 survey located some 
11,000 acres of potential farm land in scattered tracts, and more inten- 
sive surveys may be expected to increase this figure considerably. 

Along most small drainages, a little delta, or alluvial fan, occurs at 
or near the point where the water issues from a steep area to one of mild 
gradient. These areas of alluvial soil are potential fields. They are small — 
usually not more than 2 or 3 acres — and slope gently. The method of 
developing them is illustrated on the Navajo experimental area at Mexi- 
can Springs. Several delta areas were leveled by the Navajos working 
with slip scrapes and teams. Low dikes were built so that fields could be 
flooded to a depth of about 4 inches. Water from recent rains was diverted 
from the drainages to the fields by spreaders, and rock spillways were pro- 
vided to carry away any excess amount. Nine fields containing 6 acres 
were developed in this locality. More beans and corn were produced 
from these fields than a Navajo family could use. Corn produced up to 
60 bushels, with an average of 45 bushels an acre. Yields of pinto beans 
amounted to 10 bushels an acre. 

The possibilities of increasing the production of grass and food crops 
for the Indians with water utilized in this way appear to be large enough 
to bring considerable relief to the severely grazed uplands. 

Ill-equipped to work the heavier soils, the Indians select the lighter 
lands for their farm sites. Sandy soils blow easily, and wind erosion is 
severe in many fields. Such lands should be protected by planting trees 
for windbreaks and by strip planting. In the strip-planting plan, crops 
are alternated so that only a narrow band of soil is exposed to wind 
action, whereas the intervening band is growing a dense protective crop. 
This method of planting checks blowing suflSciently to hold the soil until 
the windbreak trees are grown. In 1936, approximately 1,300 acres were 
strip planted, and the practice proved effective. 

Unless it is adequately protected from erosion, much more of the 
Navajo Reservation will be lost. Already a large total area has been 
ruined or severely damaged. In places, acres of land have been stripped of 
soil down to bedrock. There is no possible way of conserving these lands 
except by widespread adoption of the practical measures for soil and water 
conservation adapted to the peculiar physical requirements of the region. 
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Southwestern Mesas, Mountains, and Basins 

The large area covering the southern parts of New Mexico and 
Arizona, and roughly designated the Southwestern Mesas, Mountains, 
and Basins, comprises about 81 million acres of highly diversified coun- 
try, Broadly, the area is characterized by a series of parallel, discon- 
tinuous mountain chains having a northwest-southeast trend. These 
mountain masses attain elevations of 5,000 to 10,000 feet. The interven- 
ing valleys and basins (Fig. 309) have elevations varying from about 



Fig. 309. — The higher elevations are generally timbered. Mora County, New Mexico. 
{Fhotograph hy Soil Conservation Service.) 


1,000 to 4,000 feet. The higher elevations are generally timbered; much 
of the lower areas is sparsely vegetated with hardy xerophytic plants. 

A striking feature of the area is the frequency of alluvial or talus fans. 
Between the more widely separated ranges, these fans extend for many 
miles with progressively decreasing gradient to axial valleys or playas. 
In many places, the fans begin almost at the top of the mountains. 
Such extensive fan development is probably due largely to the coarse 
character of the rock debris that develops under the wide diurnal tem- 
perature changes characteristic of the region. Coarse material is swept 
down from the rugged, steep-sided mountains by the intense summer 
rainstorms, aided by gravitational creep. Because of rapid absorption of 
runoff by the coarse material, the transporting capacity of the off flowage 
diminishes rapidly. The abundant coarse material, being deposited first, 
results in the formation of very steep slopes at the base of the mountains. 
The relatively small amount of fine material is carried farther and 
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farther out over the fan, according to degree of fineness, resulting in the 
development of a progressively flatter gradient. The encroachment of 
alluvial fans on valley plains has blocked natural drainage in places, 
thus forming playas, or ephemeral lakes. 

Summer temperatures are high, and winters moderately cool. Snow 
falls only at the higher elevations and seldom accumulates. The average 
annual rainfall varies from less than 3 to about 20 inches on the higher 
ranges, the average being about 10 inches. Something over 55 per cent 
falls during summer as local thunderstorms of intense character. Inten- 
sities of 3 to 5 inches an hour occur during this period. Winter rains are 



Fig. 310. — This southern New Mexico area formerly was well grassed. Overgrazing 
has largely replaced the grass with less nutritious weeds. Bernalillo County. {Photograph 
by Soil Conservation Service.) 


of more general distribution and gentle character. Because of the spotted 
nature of summer rains, an area may receive its entire average annual 
precipitation within an hour. Other localities may go without rain for 
a year or more. 

Under the arid conditions prevailing over large areas, vegetation is 
scant and of desert character. Where irrigation water is available, a 
variety of crops is successfully produced, such as cotton, citrus, melons, 
and vegetables. Grazing is the only agricultural activity outside the 
irrigated areas. 

Owing to high intensities of rainfall and sparse vegetation, the normal 
rates of erosion have been high over a large aggregate area as the result 
of overgrazing. Grasses that were common in many localities have been 
replaced almost entirely by less nutritious plants or unpalatable weeds 
having little value for retarding erosion (Fig. 310). Some areas having 
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5 inches or less of annual precipitation have long been stabilized more 
by rock or gravel pavement than by vegetative cover. Other associated 
areas have not yet developed suflBicient pavement to control normal 
erosion completely. Here accelerated erosion generally has been serious 
only on the alluvial valley lands, where water formerly accumulated to 
support good stands of grasses. Deep, fingering gullies are rapidly invad- 
ing such bottomlands. A considerable part of the silt contributed to the 
main streams originates in these areas. 

The soils of this great Southwest area are derived principally from 
basic and acid igneous rocks, such as basalt and the granitics. Surface 



Fig. 311. — A sparse growth of creosote bush presents little resistance to erosion. New 
Mexico. (Photograph by Soil Conservation Service,) 


soils, as a rule, are mildly calcareous; the subsoils contain an abundance 
of accumulated lime carbonate. Soil color, for the most part, is inherited 
from the parent material. Only under the heavier rainfall of higher eleva- 
tions has any considerable humus formed from the available organic 
matter. Most of it is dissipated by oxidation under the intense heat. 
Moisture absorbed by the soils derived from rocks of the basic igneous 
group and from quartzite usually is readily available to plants. The 
favorable structure of such types provides exceptional resistance to 
erosion. The coarser textured soils, as those derived from granitic rocks, 
generally have heavier and less permeable subsoils and are highly erodible. 
The extensive, unleached, highly calcareous soils occurring throughout 
the area support only a sparse growth of shrub, mainly creosote bush, 
such as presents very little resistance to erosion (Fig. 311). Dense clays 
occupy the playas almost completely. They usually are highly impervious, 
contain large amounts of alkali salts, and are devoid of vegetation. 
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The upper and middle portion of the Gila Basin is one of the more 
important problem areas of the southern New Mexico-Arizona region. 
This drainage, particularly the San Simon, contributes large quantities 
of silt to Coolidge Reservoir, on which more than 80,000 acres of irrigated 
lands depends for water. Salt River and the Rio Grande also embrace 
large irrigation developments and constitute important problem areas. 
These drainages enclose the most highly developed commercial irrigated 
agriculture in the Colorado River Basin. Irrigated lands within the 
basins of these three rivers aggregate nearly half a million acres. They 
produce large quantities of supplemental feed for range livestock, cotton, 
citrus fruit, melons, vegetables, and miscellaneous grains. The products 
of these highly productive lands are largely responsible for the cities of 
Phoenix, El Paso, and Albuquerque as well as many smaller towns of 

1.000 to 10,000 population. 

To a large degree, the population of this southerly area is dependent 
on the regional agriculture, and crop production is, for the most part, 
dependent directly on the life of the great federally owned storage 
reservoirs: Roosevelt, San Carlos, and Elephant Butte. Protection of 
these reservoirs from silting can be achieved only through adequate 
protection of the watersheds that feed them. Since the greater part of 
the area consists of Federally owned or controlled land, the responsibility 
of the Government for an effective program of erosion control is obvious. 

As a result, two large erosion-control projects are now in operation on 
the watersheds of the Rio Grande and Gila. 

Rio Grande and Gila Erosion-control Projects. The Middle 
Rio Grande Valley in central New Mexico furnishes a striking example of 
the problems arising from accelerated erosion in this region.^ Here about 

55.000 rural people depend chiefly on subsistence agriculture for a liveli- 
hood. The pressure of population on the available area of productive land 
is very great. Indian farmers have irrigated here for 1,000 years, Spanish- 
Americans for 300 years, and Anglo-Americans for nearly a century. The 
irrigable lands were developed long ago. Accordingly, farms are small, 
many of them little larger than good-sized garden patches; and they are 
handed down from generation to generation. Seldom is a farm offered 
for sale. Until recently, few were mortgaged. Agriculture is not of the 
commercial farming order. Farmers sell or barter a little chili and a few 
head of cattle, but most of the products coaxed from their precious soil 
are eaten at home. 

During the past half century, the land situation has grown distressing. 
Many of the irrigated fields have become waterlogged, impregnated with 

^ Cooperrider, C. K., and Hendricks, B. A. Soil Erosion and Stream Flow on Range 
and Forest Lands of the Upper Rio Grande Watershed in Relation to Land Resources and 
Human Welfare, U. S. Dept. Agr. Tech, Bull, 567, 1937. 
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alkali, and useless, or they have bten covered by sand and gravel, as the 
result of accentuated flood conditions. In 1800, about 100,000 acres were 
irrigated. By 1880, about 1^5,000 acres had been developed; but by 1984, 
the cultivated area had shrunk to 40,000 acres. Two-thirds of the irri- 
gated acreage, roughly, has been abandoned in the last 50 years. To eke 
out a living, many of the families migrated seasonally to the beet and 
potato fields of Colorado or to the smelters of the region and labored by 



Fio. 312. — High water at San Marcial, flood of 1937. Rio Grande, Socorro County, New 
Mexico. {Photograph by Soil Conservation Service.) 


the day; but even this opportunity was largely closed to them by the 
recent depression. The relief load in the valley has been heavy since 1984. 

Immediately above the head of Elephant Butte Reservoir, shoaling 
of the Rio Grande with sand has been responsible for such severe flood 
damages and swamping of valley lands that the town of San Marcial 
(Pig. 812), which had a population of over 1,000 prior to 1929, has been 
almost abandoned. Since 1914, when Elephant Butte Reservoir was built, 
the bed of the Rio Grande a short distance above the reservoir has risen 
an average of about 13 feet, according to surveys made in 1936. Two miles 
farther upstream, and just above the San Marcial townsite, a rise of 
about 7 feet occurred during the same period. 

Largely because of this rise in the stream channel, the dikes built to 
protect the towns, and irrigated lands adjacent to the Rio Grande have 
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been repeatedly overtopped and brokto by floodwaters, with disastrous 
results. Over considerable areas, sand was deposited by the flood of 19^9 
to depths of about 1 to 6 feet; and clay, to depths exceeding 2 feet.^ Many 
of the irrigated fields west of the river at San Marcial became swamps 
after the 1929 flood. In the spring of 1937, the Rio Grande broke out of 
the floodway to which it had been confined by dikes and followed a new 
course directly across the remaining irrigated lands lying east of the river. 

The Rio Puerco joins the Rio Grande some 50 miles above San 
Marcial, delivering sediment to the Rio Grande much faster than the river 
can move it. Consequently, as shown by comparative surveys in 1927 and 
1936, the Rio Grande channel has aggraded at rates as much as 9 inches 
a year. As a result, floodwaters in the spring of 1937 overtopped and 
washed out the levee and a paved highway and converted hundreds of 
acres of pasture land into a sandy waste. Large parts of the formerly 
irrigated lands about the village of Contreras have become swamps 
because water can no longer be drained into the river, which is now flow- 
ing at a level above that of the bordering fields. 

Some of these damaged lands may be reclaimed. At present, the 
largest single effort is the Rio Grande Conservancy District, which was 
set up in 1927 to protect cities, towns, and utilities against flood damage 
and to reclaim some 70,000 acres by construction of drainage canals, 
storage works, and floodways. 

At best, the prospects for success of this program are dubious unless 
the whole of the watershed, from the forests down to the banks of the 
river and its tributaries, is hereafter conservatively managed. Testifying 
at a flood-control hearing at Santa Fe in April, 1938, Stanley Phillippi, 
assistant chief engineer of the conservancy district, said: “The mainte- 
nance of the channel with present conditions of silting is gradually becom- 
ing an impossibility."’ The whole project, he pointed out, is endangered 
by the great loads of sediment that are washing into the river from over- 
grazed range lands, filling the river channel at an alarming rate. 

The Rio Grande is a perennial stream flowing through an arid and 
semiarid region. It derives its water largely from rain, melting snow, and 
springs in the forested mountains of Colorado and northern New Mexico. 
When it leaves the upper reaches, its waters are clear. It receives little 
further contribution as it flows south through New Mexico, except from 
the Chama, Galisteo, Jemez, and Puerco, all of which course through 
overused range lands. Discharge from these tributaries is small except 
during storms, when they pour huge quantities of silt into the Rio Grande. 
Although the Puerco supplies only 2 to 4 per cent of the water carried 
by the Rio Grande, it contributes 40 per cent of the silt load. When the 


^ Bennett, H. H. Relation of Erosion to Yegetative Changes, Sot. Monthly, Vol. 25 , 19 S 2 . 
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Rio Grande is in flood, it carries, b^low tke Rio Puerco, ten times as much 
silt as an equal volume of flood water flowing down the Mississippi. 

The grazing capacity of that part of the Rio Grande watershed be- 
tween Elephant Butte Reservoir and the Colorado line is estimated at 
140,000 cattle units yearlong. (One cattle unit equals five sheep units.) 
The estimate of the number of sheep and cattle now using this range is 
equivalent to 250,000 cattle units yearlong, which is about 80 per cent 
in excess of present grazing capacity. This figure is based on all lands, 



Fig. 313. — By 1938 nearly two million acres of range and farm land were being treated 
by the Soil Conservation Service for control of erosion, conservation of water, and rehabilita- 
tion of vegetation, in the watershed of the Rio Grande. Rio Arriba County, New Mexico. 
(Photograph by Soil Conservation Service.) 

13 million acres — the public domain, Indian lands, privately owned land, 
state lands, national forests, and railroad lands. Since some parts of the 
range are managed conservatively, large areas therefore are stocked two 
or three times their grazing capacity. If the ancient agriculture along the 
Rio Grande is to be saved, some drastic adjustments in range use and 
management must be made over the greater part of the watershed. 

The program of the Soil Conservation Service on the Rio Grande is 
directed toward the amelioration of these conditions as well as the 
immediate rehabilitation of the forage and control of erosion on the 
millions of acres of range land comprised* within the watershed. 

The creation of an Interdepartmental Board in 1938, composed of 
representatives from a number of interested agencies, including the Soil 
Conservation Service, Forest Service, and Bureau of Indian Affairs, 
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indicated public recognition of the complexity of the problem and need 
for its solution. 

By 1938, approximately £ million acres of range and farm land had 
been put under better management in the Rio Grande project (Fig. 313). 
This acreage included: Indian reservations and grants, “resettlement” 
land, public domain, grazing districts, private land, and state land. 
Results pertaining to erosion control and vegetative recovery are re- 
flected in the increased stock yields on the treated areas. 

Work on the Laguna Indian Reservation and the near-by Montano 
grant provide excellent examples of this. Some ^,200 people live in the 
seven villages scattered over 237,000 acres of the tribal land of the 
Lagunas. In 1935 these Indians agreed to reduce their sheep by 75 per 
cent. About the same time the Soil Conservation Service started an erosion- 
control program on the Montano area, an old Spanish grant of 44,000 
acres, which had been purchased recently by the Federal Government. 
The Service found that the grant would carry 3,000 sheep for seven 
months out of the year if properly managed. 

To facilitate the Laguna stock adjustment, the Indian Service and Soil 
Conservation Service permitted 3,000 Laguna sheep to graze the Montano 
grant area for seven months of 1935 and 1936. On the properly managed 
area, forage and reserve feed increased, the vitality of the range im- 
proved, and soil washing decreased markedly. 

The lamb crop from the Laguna sheep grazing on the grant was 95 per 
cent, as compared with only 65 per cent on near-by overused ranges. The 
wool clip averaged a pound more per sheep on the properly grazed range. 

In November, 1927, a representative of the Kansas Agricultural 
Experiment Station selected 518 lambs from the Laguna and Acoma flocks 
to be placed on experimental feed lots. These were selected out of several 
thousand lambs looked over on many New Mexico ranges. At the end 
of the feeding period, the Laguna lambs averaged 90 pounds. The packer 
reported that 75 per cent graded “Premium’’ compared with 40 per cent 
of Premium grade for other western-fed lambs for that season. 

Throughout the Rio Grande District and the entire southern Arizona- 
New Mexico area, range management, water diversion, fencing, contour 
furrowing, and other measures are bringing about erosion control, water 
conservation, and better stock production through revegetation of the 
ranges. At the same time, transportation of silt is being cut down. 

Dry farming in this area involves a relatively small acreage. However, 
this small area occupies an important position in the upper watersheds. 
Human dependence on such ar^as is high, as they are largely restricted 
to crowded localities of meager resources. 

The chief crops grown are corn and beans. Steep slopes and clean 
tillage have led to severe erosion on much of this dry farming land. Ter- 
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racing and contour ctiltivation have resulted in marked reduction of 
erosion and increase of yields. 

Wasatch Mountain Area 

The Wasatch Mountain problem area occupies 18 million acres in 
central Utah. Including the Bear River Mountains, the range extends 
into southeastern Idaho. An included projection, the Uinta Mountains, 
extends along the Wyoming line into northwestern Colorado. South of 
this, another easterly projection practically joins with the lower portion 
of the Rocky Mountains in Colorado. The Wasatch Mountains proper 
rise to elevations in excess of 11,000 feet. Their crest is 5,000 feet or more 



Fig. 314. — Range management and erosion control on the steep slopes of the Wasatch. 
Box Elder County, Utah. (Photograph by Soil Conservation Service.) 


above the lacustrine plain of ancient Lake Bonneville, on the west. The 
slopes are very steep, especially on the west, with cliffs of 1,000 feet or 
more in places. Narrow valleys and gorges incise the mountain mass in 
many places. Considerable portions of the crest, as well as parts of the 
eastern slope, are relatively smooth. 

Precipitation varies from 20 to S5 inches or more, including snow, 
over the higher elevations. Summer storms are extremely intense. In 
watersheds denuded by excessive grazing or burning, destructive floods 
and severe erosion are the result, not only in the highlands but on the 
adjacent lowlands as well. 

Where dry farming is carried on over some of the smoother parts of 
the eastern slope, under a system of alternate years of fallow, erosion has 
become an extremely serious problem. In many places, both surface soil 
and subsoil have been washed off within the last 20 years. Stock trails, 


810 


SOIL CONSERVATION 


over which thousands of sheep are driven to and from the high summer 
ranges every year, are especially subject to severe washing. 

Recently, farmers dependent on irrigation water from this mountain 
area have begun to realize the importance of watershed protection (Fig. 
314). It is highly important that erosion be arrested on the western slope 
as speedily as possible, since a very important share of the agriculture of 
Utah is developed on the alluvial fans at the base of the mountains. 
Almost annually, some of these lands, and the improvements on them, 
are damaged to the extent of thousands of dollars by flood flows and 
overwash of rock debris. The heavier floods sweep boulders that some- 
times weigh many tons over the valuable lands at the base of the moun- 
tains. Moreover, the highlands are the source of irrigation water, and 
for that reason every eflort must be made to maintain an adequate cover 
of water-conserving vegetation.^ 

Along the crest and the western slope of the Wasatch, the principal 
soils are derived from granite, rhyolite, and other igneous or intrusive 
rocks; on the lower elevations of the eastern slope, they are derived from 
sedimentary rocks. The more extensive types are brown to dark brown 
in the surface, friable, and fairly high in organic matter. Over a consider- 
able area, the subsoil is of heavier texture and dark brown or dark reddish 
brown in color. On the steeper slopes, the depth to bedrock averages com- 
paratively shallow, often less than ^ or 3 feet. All types are subject to 
erosion under exposure, but the heavier types appear to wash faster. 

Most of the watersheds draining the western slope of the Wasatch 
represent problem areas, varying only in degree. A considerable part of 
the range is included in national forests. Within the reservations, where 
grazing is now under management, vegetation appears to be making 
satisfactory recovery from previous conditions of erosion. A good cover 
/has been reestablished over some areas after only a few years of pro- 
tection. Some of the more seriously affected areas, however, require 
planting, the construction of check dams, and various types of contouring. 
The Forest Service is carrying on erosion-control operations, including 
contour trenching, planting, and other measures, on a number of critical, 
high watershed areas in the Wasatch Mountains. ^ 

Of the Soil Conservation Service activities in this area, the Weber 
River project is the most important. Here, extensive areas of range 

^ Forsling, C. L. A Study of the Influence of Herbaceous Plant Cover on Surface Runoff 
and Soil Erosion in Relation to Grazing on the Wasatch Plateau in Utah, U. S. Dept. Agr. 
Tech. Bull. 220, 1031; see also Floods and Accelerated Erosion in Northern Utah, U. S. 
Dept. Agr. Misc. Pub. 196, 1934. 

^ Bailey, R. W. Epicycles of Erosion in the Valleys of the Colorado Plateau Province, 
Jour. Geology i Vol. 43, May, June, 1935; and Contour-trenches Control Floods and Erosion 
on Rangelands, Emergency Conservation Work, Forestry Pub. 4, Washington, 1937. 
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border the strips of productive valley land along Weber River and its 
tributaries. The population is dependent on the products of both farm 
and range. Irrigation agriculture prevails on the alluvial lands, and dry 
farming on adjacent lower slopes. Although livestock depend largely on 
the range in summer, they must be fed in winter. 

Much of the range has suffered marked depletion from improper use. 
Here, as elsewhere on the Western range, rejuvenation depends primarily 
on adjustment to carrying capacity and good management. Where indi- 
vidual holdings are composed of both range and farm land, adjustments 



Fig. 315. — Contour irrigation of a young orchard in the Wasatch Mountains, Utah. {Photo- 
graph by Soil Conservation Service,) 


are easier to make, as a rule, than where holdings include only range land. 
In some instances, continued use by one kind of livestock, as by cattle, 
has changed vegetative conditions from an original cover of grass, browse, 
and weeds to one of browse and weeds. Under such conditions, those 
operators capable of handling more than one kind of livestock find that 
a change from cattle to sheep has often resulted in increased carrying 
capacity. 

Proper use and management of irrigated and dry-farming lands also 
constitute an important phase of the soil conservation program. All 
proposed changes in the use of irrigated lands are based on the needs 
of soil conservation, with due regard for the economic limitations of the 
operator. Retirement of eroded lands to permanent cover, proper use 
and disposal of irrigation water, cropping systems, soil fertilization, and 
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improved methods of cultivation are among the measures employed on 
irrigated lands. 

Solution of the erosion problem on lands used for dry farming calls 
for gully control and water conservation, with such measures as contour- 
ing, dam listing, strip cropping of both the permanent and rotation types, 
and conversion of the more credible areas to permanent vegetation* 
Cooperating with the Forest Service, the Soil Conservation Service is 
also attempting, by controlled grazing and other practical means, to 
overcome the severe mud flows originating in some of the headwaters 
of privately owned range lands. 

Another critical problem of erosion in this region has to do with 
severe washing caused by irrigating steep slopes, as in the orchards in the 
vicinity of Willard, Utah. Progress is being made with this difficult 
phase of erosion control, especially in the direction of contour cultivation 
and contour application of water by means of underground pipe lines 
with risers (Fig. 315). Another promising measure is the distribution of 
water through open, concrete-lined ditches with provisions for diverting 
at intervals into contour furrows. 

Rocky Mountain Area 

That part of the Rocky Mountains included as a problem area in the 
region of the Colorado River Basin comprises 58 million acres. Only part 
of this large sector of the continental divide lies within the Colorado River 
drainage; the waters of its eastern slope drain to the Gulf by way of the 
Mississippi. Elevations vary from 8,000 to 14,000 feet. The eastern slope 
drops abruptly to the Great Plains; west of the divide, the mountains, 
in the northern part, fall away more gradually to the low country east 
of the Wasatch.^ Near the crest and over the generally smoother westward 
slope occur many mountain meadows, or parks, such as North Park, 
in the vicinity of the Colorado-Wyoming line. A number of plateau areas, 
remnants of what formerly was a much more extensive plateau, are 
scattered through the country below the zone of mountain meadows. 
These are separated by steep-sided valleys formed by glacial or stream 
action. One of the more noteworthy plateaus is the Grand Mesa, in west- 
central Colorado, reputed to be one of the largest mesa-form eminences 
of the world. 

During the period of active glaciation, ice floes developed the common 
U-shaped valleys of the upper elevations. Below this area of glaciation, 
the valleys are narrow and generally V-shaped. Farther down, many of 
these become broader and are bordered by a belt of coalescing alluvial fans 

^ See physical features map in “Atlas of American Agriculture,” U. S. Department of 
Agriculture, 1936. 
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developed by tributary drainages issuing from the major interstream 
areas. 

Timber line is at about 11,600 feet. In the higher forests, spruce, 
aspen, fir, and lodgepole pine predominate; below, western yellow 
pine comes in; then, lower down, scrub oak, juniper, or pinon. Above 
timber is an abundance of grass-sedge vegetation and numerous exposures 
of rock and accumulations of rock talus. Toward the south, there is not 
so much difference between the eastern and western slopes of the Hockies. 

The main backbone of the mountain, as well as the eastern slope, is 
underlain principally by granites, granodiorites, and related rocks. 
Uplifted sedimentaries of various composition and age form the general 
base of the western slope, with minor areas, as the Grand Mesa, capped by 
lava flow. Soils are generally shallow and loose, except on the smoother 
areas, as the mountain meadows. They absorb water readily, but to a 
considerable degree they are not very retentive of moisture. Because of 
shallowness, steepness, and fragile structure, they wash readily under 
conditions of bared or thinly covered surface. At the higher elevation, 
much of the soil is of coarse texture, often consisting of rough stony land. 

Precipitation ranges from 20 to 50 inches, more than half of which 
falls as snow. In contrast to conditions prevailing over most of the 
general region, summer rains at higher elevations usually are prolonged 
and of rather gentle character. Cool temperatures restrict agricultural 
use of the area largely to grazing. At the lower elevations, quick-growing 
forage crops can be matured. Snow begins to accumulate over the high 
mountains in early fall and continues to accumulate until early May. 
It melts quickly with advent of spring, producing rapid runoff, frequently 
of destructive intensity. Only a good cover of vegetation will prevent 
destructive washing and wastage of rainfall, as both soils and slopes are 
conducive to severe erosion and rapid runoff. This great mountain mass 
is the principal source of water for the Southwest. Accordingly, the eco- 
nomic welfare of the majority of those living in the arid parts of the 
Colorado River Basin problem area is dependent on the maintenance of 
an adequate protective cover. 

Fortunately, the greater part of the mountain area is in national 
forests, where land-use regulations have been in effect for 30 years, at 
least over much of the included area. As the result, erosion is generally 
not severe. Outside the forest reserves on the public domain, state lands, 
railroad lands, and private holdings, overgrazing, unregulated timber 
cutting, and burning have brought about highly unfavorable conditions 
of erosion and accelerated runoff over a large aggregate area. Conditions 
are particularly critical in the valley and foothill area through which stock 
are driven to and from summer range in the higher mountains. Such 
depleted areas are outstandingly productive of floods and high silt loads. 





Chapter XXXVIII. Pacific 
Northwest Region 

The Pacific Northwest Region, embracing about 198 million acres, 
covers all of Washington, most of Oregon and Idaho, the western third 
(approximately) of Montana, and a considerable area in northwestern 



Map 15. — Problem area of the Pacific Northwest Region. (Soil Conservation Service.) 

Wyoming (Map 15). Most of the area drains into the Columbia River 
or the Pacific Ocean. It is crossed from north to south by three mountain 
chains: the Olympics and Coast Range, the Cascades, and the Rocky 
Mountains. A considerable area near the center is occupied by the Blue 
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Mountains. Roughly, these mountainous areas comprise nearly 130 
million acres, or more than 65 per cent of the region. 

A large plateau or basin area of relatively smooth topography is 
almost enclosed by the Cascades, Rockies, and Blue Mountains. By a 
narrow connection, this lowland area swings around the southwestern 
extension of the Blue Mountains and extends in a broad belt south of the 
Blue, Wallowa, and Salmon Mountains easterly across the Oregon line, 
thence along the Snake River, nearly to the Wyoming line. To the south, 
this southerly sector crosses into northeastern Nevada for a short distance 
to merge imperceptibly with the Great Basin area. 

This roughly defined intermountain area constitutes the Columbia 
Plateau. It is composed of a large number of distinct subareas, or divi- 
sions, the more important of which are: the Palouse, Columbia River 
Plains, Snake River Plains, and Oregon Plateau (part of Harney Basin). 
In detail, the surface varies from almost flat, as in the western part of 
the Big Bend of the middle Columbia River, to undulating and rolling, 
as in the plains of the southerly sectors. The Palouse country, to the north 
of Blue Mountains, is characterized by a peculiar dunelike hill topography 
not duplicated on a large scale elsewhere in the United States. 

The Plateau has been deeply incised by canyons of the Snake and 
Columbia Rivers and some of their tributaries. The Snake River Canyon 
between Seven Devils Mountains in Idaho and the Wallowa Mountains 
of Oregon averages 5,500 feet deep for a distance of 40 miles. It is the 
deepest canyon in the United States,^ 

Another relatively low area is approximately shut in between the 
Cascades and the chain of hills and mountains along the Pacific Coast. 
This trough extends from Puget Sound across Washington, through the 
flat-floored Willamette Valley, into the highlands of southwestern 
Oregon. Through the heavier rainfall portions of these intermountain 
areas, as well as some of those of comparatively low precipitation, various 
important types of agriculture have been developed, principally wheat 
and fruit farming, trucking, irrigation farming, and dairying. The drier 
localities are used for range purposes. 

Most of the intermountain lowlands west of the Cascades is less than 

1.000 feet above sea level. The northern part, the Puget Sound section, 
borders the sea. The northern sector of the Columbia Plateau ranges 
in elevation from less than 1,000 feet near the Columbia River to about 

3.000 feet in the Blue Mountain foothills. In the Oregon Plateau and 
Snake River Plains, the elevation ranges from about ^,000 to 6,000 feet. 

The Rockies and Cascades are generally rugged mountains, although 
a large part is sufficiently accessible for summer grazing. High elevations 

^ See Freeman, D. W. The Snake River Canyon, Geog. Rev., Vol. 28, No. 4, October, 
1938. 
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are attained, especially in the Cascades. Rainier, the loftiest peak, rises 
to 14,408 feet above sea level. The Olympic Mountains, with a maximum 
elevation of 8,150 feet, and the Coast Range, with a maximum of about 
4,000 feet, generally are of a more rounded configuration. Over much of the 
Coast Range of Oregon, both climate and soil are especially favorable to 
the growth of either grass or trees. 

Nearly all the major streams and many minor ones have their head- 
waters high in the mountains. With the exception of some cut-over areas, 
the upper watersheds are forested, principally with coniferous trees. 
West of the Cascades divide and in the white-pine type of forest in the 
northern Rockies, much of the timbered country is of such dense stand 
that it is poorly suited to grazing. Elsewhere, however, the forests are 
more open; and nearly all land not in farms, whether forest, brush, or 
grass, affords some grazing.^ 

The climate of the Pacific Northwest is characterized by humid 
winters, dry summers, and a wide range in precipitation. Rainfall is 
heaviest near the ocean and over the higher elevations. It decreases 
progressively inland and downward from mountain crests, except for local 
modifications due to topography. Precipitation in the shadow ’’ of the 
mountains is consistently lower than on the exposed slopes. West of the 
Cascades, the average amount received annually varies from 15 to more 
than 100 inches on the lowlands and from 60 to more than 1^0 inches at 
observation stations on the mountain sides. East of the Cascades, the 
range is from a few inches over some of the lowlands to about 60 inches 
on mountain crests. Nearly three-fourths of the precipitation occurs 
during winter, most of it as snow at the higher elevations. Annual snowfall 
west of the Cascades varies from a few inches in the valleys to nearly 
50 feet at Paradise Inn, in Mount Rainier National Park. East of the 
Cascades, the moderating influence of the ocean is less ; winters are more 
severe; and the proportion of precipitation occurring in the form of snow 
is greater than to the west. In general, only a few inches of snow falls 
over the lower valleys of this lower rainfall part of the region; in the 
mountains, falls ranging from 5 to 20 feet have been recorded frequently 
at observation stations; and much deeper falls occur on the higher peaks. 

Rains usually are gentle. Intensities greater than i inch in 5 minutes 
or i inch per hour have been recorded in winter only a few times west 
of the Cascades. During about fifty years of records, rainstorms exceeding 
these rates have occurred only five times at Roseburg, Ore.; nine times at 
Portland, Ore.; and five times at Seattle, Wash. East of the Cascades, 
such storms occasionally occur in summer in the Blue Mountains and 
near the Rockies, but they are not at all characteristic of the climate, 

1 For further detail with respect to the physical characteristics of the region, see N. M. 
Penneman, Physiography of Western United States, pp. 183-273. 
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Within a period of about fifty years, intense rains of this nature have 
been recorded seven times at Baker, Ore., and three times at Walla 
Walla and twice at Spokane, Wash. Eastward through the Rockies, the 
climate becomes increasingly continental in type, with greater frequency 
of intense summer showers. 

Precipitation rates exceeding £.5 inches in £4 hours are seldom experi- 
enced east of the Cascades; west of the range, however, such rains have 
fallen somewhat more frequently. Locally, they have occurred at rather 
frequent intervals, as at Tatoosh Island, on the northwestern coast. Here, 
65 such storms have been recorded in 40 years. 

Maximum seasonal rimoff occurs at times of rapid melting of snow. 
Heaviest runoff generally comes in early spring at lower elevations and 
in early summer on the higher elevations. Occasional heavy winter 
rains, accompanied by snow-melting temperatures, produce excessive 
runoff, accelerated erosion, and sometimes severe floods. 

Annual runoff per square mile from different watersheds varies widely. 
For example, the per-square-mile water delivery from the Malheur River 
in southeastern Oregon is 94 acre-feet as against 8,160 acre-feet from 
the Wynoochee in western Washington, or, in precipitation equivalents, 
from less than 2 inches in the dry Oregon Plateau to nearly 13 feet in the 
humid coastal mountains of Washington. 

Of the approximately 198 million acres in the region, nearly half is 
in forest (largely national forests), almost a third is used for open grazing 
(range), and about a fourth is in farms. Only about one-third of the land 
in farms is used for crops. There are about 10 million acres additional of 
publicly controlled lands, such as national parks, state forests, Indian 
reservations, military reservations, and similar areas. 

Erosion, by both water and wind, is a serious problem on a large area 
of farm and grazing land in the Pacific Northwest region. Because of dif- 
ferences in soil, topography, climate, and use, the problem is discussed 
under five major areas: the Rocky Mountains, Columbia Plateau, Blue 
Mountains, Cascades, and Pacific Coast. 

Rocky Mountains 

The Rocky Mountain area, comprising about 86 million acres, in- 
cludes the mountains and valleys of western Montana, northern and 
central Idaho, and large bodies in northeastern Washington and north- 
western Wyoming. Maximum elevations generally range from about 
10,000 to 12,000 feet. Fremont Peak in the Wind River Range of north- 
western Wyoming has an elevation of 13,780 feet; and Cloud Peak in the 
Big Horns, 13,165 feet.^ The valley floors, which occupy a relatively 

^ “Atlas of American Agriculture’* (Physical Basis), U. S. Department of Agriculture, 


1936. 



818 


SOIL CONSEKVATION 


small proportion of the total area, typically are narrow and enclosed by 
rugged mountains usually of precipitous slope. They range from about 
1,000 to 4,500 feet above sea level. Some of them broaden out locally or 
are bordered by hilly to low mountain country, frequently well grassed 
(mountain meadows). The mountains, for the most part, are timbered, 
but many areas are rocky and barren or nearly barren ; others, cut over or 
burned, now support very little timber. A large part of this mountainous 
country is forested. Nearly all ac'cessible areas are used for summer graz- 
ing, mainly cattle and sheep from outside. 

The total precipitation varies from about 11 to SO inches in the 
valleys to over 60 inches at established mountain-slope observation sta- 
tions and larger amounts on the mountain tops. The annual snowfall 
varies from about 30 inches in the valleys to over 200 inches on the upper 
mountain slopes. 

The greater part of this mountain mass is too rough or precipitous for 
cultivation. Above the valley floors, much of the land consists of coarse 
gravelly, sandy, and stony land, with scattered tracts of loam and stony 
loam, interspersed with rock outcrop. On the floors and rolling fringes of 
many of the valleys, the soils are derived from glacial till or outwash and 
alluvial or alluvial-fan material. For the most part, they consist of 
gravelly and sandy loams, sands, and stony loams. On the basis of avail- 
able information, about a third of the valley lands have open, friable sub- 
soils; another third has compact subsoils of relatively fine material; and 
the remainder, heterogeneous mixtures of sand, gravel, stone, and clay. 

The greater part of this northwestern sector of the Hocky Mountains 
is in national forests, national parks, Indian reservations, and other 
reservations. The principal national forests included entirely or largely 
within the area are: the Absaroka, Beaverhead, Bighorn, Bitterroot, 
Boise, Cabinet, Caribou, Challis, Clearwater, Coeur d’Alene, Colville, 
Deerlodge, Flathead, Gallatin, Helena, Idaho, Kaniksu, Kootenai, Lemhi, 
Lewis and Clark, Lolo, Nez Perce, Payette, St. Joe, Salmon, Sawtooth, 
Shoshone, Targhee, Teton, Washakie, Weiser, and Wyoming. In the 
aggregate, these forest reservations comprise some 42^ million acres. 
Other large reservations are the Yellowstone, Glacier, and Grand Teton 
National Parks, with a combined area of more than 3|- million acres. 
Only about one-fifth of the land is in farms, and of this about 20 per cent 
is cropland. Not more than a fourth of the cropland is used for tilled 
crops, the remainder being devoted to grass and pasture. The large area 
of noncropland on farms and the nearness of range lands, including both 
forest and nonforest areas, favors a livestock type of farming. Slight to 
severe erosion is widespread on both cropland and range areas. Forage 
on the ranges has declined in overstocked areas, with the result that 
erosion has damaged numerous small and some large areas locally. Often 
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uncontrolled sheet washing is a problem on the distinctly sloping areas 
of both irrigated and nonirrigated land. 

Columbia Plateau 

The Columbia Plateau, with an area of about 55 million acres, em- 
braces four principal subregions: the Palouse, Columbia River Plains, 
Oregon Plateau, and Snake River Plains. Soil, topographic and climatic 
conditions, and types of use vary widely. The features of greatest areal 
similarity are those of topography and elevations, described on page 815. 

Palouse 

The Palouse, together with a marginal strip of foothills adjacent to the 
associated mountains, comprises something over 8 million acres. Most of 
the wheat belt of eastern Washington and adjacent parts of Idaho and 
Oregon is included in this subdivision. The country is predominantly 
hilly, with characteristic long southerly slopes and short, steep slopes 
toward the northeast. Most of the land has been broken out of the original 
stand of bunch grass and put into cultivation. 

In detail, the western fringe of the Palouse is imdulating to rolling, 
with slopes generally less than 15 per cent. Eastward, this lower smoother 
country grades into typical dunelike, hilly topography of the Palouse, 
with windward (southwesterly) slopes as steep as 30 per cent and leeward 
(northeasterly) slopes as steep as 65 per cent. Many of the hills range from 
100 to 200 feet above the bottoms of the valleys. In the foothills along the 
northwestern part of the Blue Mountains occur many long, flat-topped 
ridges with uniform slopes, interrupted by occasional deep canyons. 

In the north-central part of this section is an area, called the channeled 
scablands, where the former soil covering has been eroded off to expose the 
basalt base. 

The climate varies from semiarid at the western edge of the Palouse 
to subhumid near the bordering mountains on the east. The entire area, 
however, has humid winters and dry summers. From west to east, annual 
precipitation varies from about 12 to 35 inches. Snowfall varies from 
about 2 feet in the west to nearly 10 feet in the southeastern foothill 
section. At lower elevations, snow frequently melts during winter, some- 
times permitting the soil to freeze before subsequent falls or to melt on 
frozen soil. Such conditions contribute to accelerated runoff and sheet 
washing. The snow cover is more at higher elevations, affording better 
protection from intermittent freezing and thawing. 

The most extensive soils are considered of loessial origin, are generally 
deep, and are friable or moderately friable in the substrata. They range 
from brown grassland types in the west to dark brown in the east. From 
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west to east, the principal groups are the Ritzville, Walla Walla, and 
Palouse, 

The brown Ritzville soils, chiefly loam, are underlain by basalt at 
depths ranging from a few inches on steep slopes of the major drainage- 
ways to 40 feet on some of the hilltops. Below about 30 inches, lime car- 
bonate is usually present in fairly abundant quantity. The area over 
which this soil prevails is a gently rolling plain. 

The dark-brown Walla Walla soils differ from the Ritzville prin- 
cipally in their greater depth to bedrock, higher content of humus, 
darker color, and greater depth to the zone of lime. The Palouse soils are 
dark brown to black, high in content of silt and humus, and of granular 
structure. They usually range from 10 to 100 feet deep over bedrock. 
Plecks and concretions of lime occur locally in the deep subsoil. Prac- 
tically all of the virgin soil consists of silt loam, but erosion has exposed 
locally the yellowish silty clay or silty clay loam subsoil. The Palouse 
silt loam has a dunelike surface, with individual hills more than 100 feet 
above the hollows. 

Other less extensive and shallower soils are the dark-brown to black 
grasslands of the associated foothill and mountain plateau type of the 
Southwick, Nez Perce, and Waha series. Timbered foothill soils are the 
light-colored loessial Helmer series and the residual granitic Moscow 
series. Bottomlands usually consist of narrow strips of dark-colored 
alluvium, frequently gravelly or stony. 

Most of the Palouse originally was covered with bunch grass, with a 
little sagebrush along the western edge and scattered patches of timber, 
mostly ponderosa pine, along the eastern border. Farming has been going 
on from 40 to 60 years, with wheat as the principal crop. The common 
practice has long been to alternate wheat with summer fallow. In recent 
years, field peas, both green peas for canning and mature peas for market, 
have been substituted rather generally for fallow over an important extent 
of the more humid section. 

About four-fifths of the land is in farms. Of this, nearly three-fifths is 
devoted to crops. About half the area consists of scabland, pasture, and 
range. In some localities, nearly all the land is under the plow. The aver- 
age size of farms varies from about 1,^00 acres in the lower rainfall sec- 
tions to about 300 acres in the more humid localities. 

As the result of erosion, nearly a fifth of the cultivated area has lost 
all or most of the topsoil. Also, large losses in nitrogen and carbon have 
occurred.^ The eroded soil is partly deposited on lower slopes, where it is 
not needed and over highways (Fig. 316) and sometimes on the streets 
of towns. 

^ Sievers, F. J., and Holtz, H. P. The Significance of Nitrogen in Soil Organic Matter 
Relationships, BulL 206, Washington State Coll. Agr., 1926. 



PACIFIC NOKTHWEST REGION 821 

Under the sumnaer-fallow system of producing grain, the land is 
plowed in the spring, kept free of weeds through summer, worked down 



Fig. 316.^ Soil eroded by raelting snow deposited over an important highway. South- 


eastern Washington. {Fhotogra'ph hy Soil Conservation Service.) 



Fig. 317. — Erosion on bare, summer-fallowed land during snow-melting season, {Photograph 
hy Soil Conservation Service.) 


to a seedbed of fine tilth in the fall, and planted. Sometimes, depending on 
fall rains, planting is delayed until spring. In either case, the land is 
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Table 47.- — Effect of Cover on Runoff and Soil Losses from Palouse Silt 
Loam on 30 Per Cent South Slope ^ 


Condition of cover during winter 

Average runoff, 
per cent 

Average soil loss 
per acre, tons 

1988- 

1934 

1981- 

1935 

1933- 

1934 

1931- 

1935 

Bare, untilled 

26.17 

24.90 

38.29 

28.56 

Winter-wheat seedlings on summer-fallowed 
ground 

19.48 

12.80 

29.58 

16.79 

Spring-wheat stubble from continuous seed- 
ings 

4.58 

3.31 

3.96 

1.66 

Winter-wheat stubble, summer fallowed pre- 
vious season 

0.81 

5.91 

0.08 

0.27 

Grass (continuous) 

0.01 

3.69 

0.001 

1.472 



1 Pullman, Wasli., soil and water conservation experiment station. (Year of measure- 
ment July 1 to June 30.) 

2 Most of this loss occurred during the first year of measurements when grass was not 
well established. Eliminating that year, the average annual loss from grass is 0.18 ton 
per acre. 


I ' 



Fig, 318. — Control of erosion on excessively steep upper slope, formerly cultivated, in 
the Palouse section of Washington, by planting to mixture of alfalfa and grasses. {Photo- 
graph by Soil Conservation Service,) 
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exposed to the winter precipitation season without an adequate cover of 
protective vegetation. These conditions give rise to a very serious hazard 
of erosion. With approximately half the cultivated land going through 
winter nearly bare of cover, smooth of surface, and the subsoil partially 
filled with water, runoff and erosion are greatly accelerated (Fig, 317). 

Soil and water losses from bare, thinly covered, and fairly thickly 
covered (stubble) areas of typical Palouse silt loam, as measured at the 
Pacific Northwest soil and water conservation experiment station at 
Pullman, Wash., are shown in Table 47. 

The extent of erosion damage for the entire Palouse, estimated on the 
basis of a reconnaissance survey, is summarized below: 


Type of erosion 

Per cent of land 
affected 

Culti- 

vated 

Pasture 

Mainly sheet erosion : 



Slightly damaged — ^less than one-fourth topsoil lost 

10 

50 

Moderately damaged — about one-fourth topsoil lost 

10 

25 

Seriously damaged — about half topsoil lost 

35 

5 

Severely damaged — more than half topsoil lost 

25 

3 

Affected by gullying: 



, Moderately to severely gullied 

30 

40 

Affected by wind erosion: 



Moderately to severely affected by removal or deposition 

40 

35 


The erosion problem on the cultivated lands of the Palouse is inti- 
mately related to the fallow system of farming, with its deficiency of 
cover and Smooth surface condition of fields during the winter rainy and 
spring blowing seasons. In the more humid localities, the problem is also 
involved with a relatively high carry-over of soil moisture, which tends 
to minimize absorption of winter rainfall following summer fallow. Solu- 
tion of the problem involves, among other conservation practices, mini- 
mum use of summer fallowing on the more erodible lands of humid 
areas, increased use of perennial grasses and legumes (Fig. 318), extension 
of crop-rotation systems of farming, utilization of crop residues, and 
cultivation aimed at the establishment of a rough (cloddy) surface 
condition. 

Below are summarized some of the practices employed for conserva- 
tion of soil and water : 

1. Contour tillage under all conditions. 
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Pig. 319. — Upper, deep snow drift on brink of very steep slope of Palonse section of 
soutbeastern Washington; center, destructive slide and erosion caused by rapid melting of 
accumulated snow; below, snow evenly distributed over critical slope as result of tree and 
shrub plantings. (Photographs by SoiLConservation Service.) 
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2. Strip cropping where applicable. 

3. Use of straw scatterers rather than windrowers on qombine 
harvesters. 

4. Utilization, wherever practicable, of stubble, straw, or other crop 
residues, which formerly were burned, to provide protection from wash- 
ing and blowing, 

5. Prevention of overgrazing of field stubble. 

6. Extension of use of trashy fallow wherever adaptable (as turning 
under part of grain stubble, with part left aboveground to impede erosion). 

7. Restriction of intensity of tillage to avoid excessive pulverization 
of soil, such as favors erosion by both wind and water. 

8. Increased seeding of permanent grasses and legumes on steep 
erodible slopes and areas of shallow soil. 

9. Increased use of rotations including grasses and legumes. 

10. Extension of use of sweetclover on cultivated land as green 
manure. 

11. Protection of hayfields from erosion and from drifting of snow by 
leaving part of crop. 

12. Restriction of grazing in pastures in order to leave about one- 
third the season’s growth for prevention of erosion and drifting of snow. 

13. Planting of windbreaks to prevent wind erosion and accumulation 
of snow along the brink of steep slopes, where subsequent melting develops 
special hazards of erosion and sliding (Fig. 319). 

14. Control of gullies with dams, sloping and seeding of banks, or 
filling and seeding. 

15. Use of dikes and small dams to control silt and impound water for 
flood irrigation of adaptable lowland. 

16. Use of interception or diversion terraces to reduce flow of water 
from long slopes and to prevent gullying. 

17. Provision of adequate protection for outlets from diversion dikes 
and terraces. 

18. Contour furrowing of pasture land for conservation of water and 
soil. 

19. Improvement of pastures and ranges by reseeding and better 
management of grazing. 

Columbia River Plains 

The Columbia River Plains include about 15 million acres in central 
Washington and north-central Oregon. Part of the northern extension is 
known as the Big Bend area because of its location within the great 
westerly bend of the Columbia River, in central Washington. 

This subdivision of the Columbia Plateau embraces the relatively 
smooth plains country east of the Cascades associated with the Columbia 
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River and its tributaries. The area has been incised locally by these drain^ 
ages. Deep and moderately deep valleys, gorges, and canyons are con- 
spicuous features in various parts of the region. Grand Coulee is a rock 
gorge of outstanding prominence. Locally, the general plains aspect is 
interrupted by such prominent elevations as Yakima Ridge, Rattlesnake 
Hills, Horseheaven Hills, and Saddle Mountains. Much of the smoother 
part of the area is of undulating to gently rolling topography. 



water on steep land in Kittitas County, Washington. In some fields from 2 to 3 inches of the 
rich topsoil, which averages only about 10 to inches deep in many places, is washed off 
annually as the result of this practice; and the material fills up irrigation ditches and covers 
highways. (Photograph hy Soil Conservation Service^ 

Elevations vary from about 100 feet immediately along the Columbia 
River in the southwestern part to about £,000 feet on the higher part of 
the plains proper. Some of the included elevations range up to 5,000 feet. 

The climate varies from semiarid to arid, precipitation ranging from 
3 or 4 inches at the lower elevations along Columbia River to about 
1£ inches at the higher elevations. Although nearly all the precipitation 
occurs during the winter, snowfall is light. Snow cover is frequently inter- 
mittent, sometimes melting with warm winter rains and sometimes 
evaporating without melting. Because of light rainfall and absorptive 
soils, runoff seldom occurs except from spring melting of snow when 
the ground is frozen. Water erosion, therefore, is less severe than in the 
Palouse. Soil blowing is a serious problem, however, especially in the 
spring. 
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The most extensive and important soils are the light-brown, friable 
loam and very fine sandy loam of the Ritzville and the Portneuf series. 

Three types of agriculture dominate the area: the growing of wheat 
under dry-farming methods, irrigation farming, and grazing. About half 
of the 15 million acres comprised in the Columbia Plains is included in 
farms. Approximately a third of this is used for crops, some 500,000 acres 
being irrigated, and 2,250,000 acres dry farmed. Hay and fruits are the 
principal irrigated crops, and wheat practically the only crop grown 
without irrigation. Scablands (areas with frequent outcrop of basalt), 
hills, and mountains are used for grazing, principally sheep. 

Erosion results chiefly from the summer-fallow system used in the 
production of wheat, excessive downhill use of water on irrigated slopes 
(Fig. 320), overgrazing, and the breaking up of remaining native stands 
of stabilizing bunch grass. 

A reconnaissance soil conservation survey of the area shows the 
following approximate conditions of erosion: 


Type of erosion 

Per cent of land 
affected 

Culti- 

vated 

1 Range 

Water erosion: 



Slightly damaged — ^less than one-fourth topsoil lost 

13 

40 

Moderately damaged — about one-fourth topsoil lost 

25 

20 

Seriously damaged — about half topsoil lost 

25 

20 

Severely damaged — more than half topsoil lost 

25 

10 

Wind erosion: 



Area affected 

61 

42 



Methods for controlling erosion are about the same as those employed 
in the Palouse. Legumes cannot be grown so successfully, however, so 
that trashy fallow and cloddy tillage must be depended on to a much 
greater extent. Maintenance of the organic supply of the soil can best 
be effected by growing perennial grasses and legumes in long rotations. 
Severe wind erosion has resulted from recent plowing out of remaining 
stands of native bunch grass for grain production, as in the Horseheaven 
Hills. 


Snake Riveh Plains 

The Snake River Plains comprise some 22 million acres in the drain- 
age of Snake River in southern Idaho and adjacent parts of Oregon and 
Nevada. A large part of the area is of relatively smooth plains topography, 
dissected by a number . of »deep canyons. Along the outer margin, belts of 
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foothills are included. Elevations range from about 2,000 feet near the 
confluence of the Owyhee and Snake Bivers to about 6,000 feet in the 
northeastern extension, near Yellowstone National Park. In the south- 
eastern extension, portions of the Minidoka National Forest and Fort 
Hall Indian Reservation are included. 

The climate is semiarid, precipitation occurring largely during late 
fall, winter, and early spring. Average precipitation varies from less than 
10 inches over some of the included valley floors to nearly 20 inches in 
marginal belts near the mountains. Generally, thundershowers occur at 
rare intervals in summer. Along the southeastern border, under the in- 
fluence of the near-by mountains, rainfall is sometimes heavy enough to 
produce local floods and considerable erosion as well as damage to valley 
lands by overwash from neighboring highlands. Snowfall is generally 
light over the entire area. 

Light-brown to ashy-gray soils of the Portneuf series are the most 
extensive. Smaller bodies of Ritzville soil occur in the moister situations 
near the enclosing highland. Dry farming is confined principally to the 
Ritzville types and the more favorable tracts of the looser Portneuf. 
Soils of the latter group usually are so dry that crop failures are too fre- 
quent to encourage their extensive use for dry farming. But in the central 
part of the area, they are successfully utilized under irrigation. 

Three principal types of agriculture are found: irrigation farming, 
cash-grain farming under dry-land methods of culture, and grazing. Of 
the approximately 23 million acres in the Snake River Plains area, some 
5 J million acres are in farms. Nearly half the farm land is used for crop 
production. About two-thirds of this, or nearly 2 million acres, is irri- 
gated. Along the lower Snake, near points of confluence with the Boise, 
Payette, and Weiser Rivers, irrigation farms are devoted largely to tree 
fruits, whereas upstream they produce chiefly specialty crops, such as 
potatoes, sugar beets, beans, and alfalfa. Stock ranches are located on the 
fringes of the main plain, where some sheltered mountain valley with 
water supply and adjacent to public domain or national forest forms the 
base of operations. A very large proportion of the Snake River Plains is 
used for livestock. Grazing districts organized under the Taylor Grazing 
Act cover most of the area. Operations on the more successful ranches 
have been based on favorably sheltered valleys, water supply, and 
proximity to summer range in national forests. 

Erosion problems and adaptable measures of control are much the 
same as in the Columbia River Plains. Adjustments in practice are neces- 
sary to meet conditions of a shorter growing season imposed by the higher 
elevations. Greater emphasis on forest protection and management of 
grazing on the open range will be necessary, from the standpoint of both 
better forage and protection of reservoirs from silting. 
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Oregon Plateau 

The Oregon Plateau is a roughly defined problem area, comprising 
about 10 million acres of high, dry plateau country in central Oregon. 
Scattered mountains and ridges interrupt the prevailing comparatively 
smooth surface features. A number of areas are without drainage outlets, 
such as the country about Malheur Lake. The prevailing upland level is 
about 4,000 feet above sea level, but occasional prominent elevations 
rise from £,000 to 3,000 feet above this general level. 

Over most of the Plateau, precipitation ranges from 6 to 1£ inches. 
This falls very largely as gentle rains and light snows during late fall, 
winter, and early spring. Local summer showers sometimes cause con- 
siderable runoff and some erosion on the higher lands. Some years, frost 
occurs in some localities nearly every month. 

Extensive plateau and mountainous areas are too porous of soil, too 
shallow, or too rocky for any use except grazing. Around many of the 
lakes or basins, soil distribution is about as follows, from center outward: 
peat, successive flats of clay loam and fine sandy loam, frequently of 
high salt content; then benches or terraces of sandy loam and coarse 
sandy loam. The rougher lands are predominantly stony residual soils. 
In the western part, pumice sands are of extensive occurrence. 

Agriculture is centered about the raising of livestock. The entire area 
is included in grazing districts organized under the Taylor Grazing Law. 
Most of the irrigated and dry-farm crops are part of a stock-feeding 
program, except on the pumice-sands area, where some potatoes and 
clover seed are grown. The area used for grazing is about eighty times 
that used for crops. 

The principal erosion problem is associated with overgrazed range 
land. About half the range has lost more than a fourth of the topsoil 
as the result of erosion by water and wind. Grazing management, includ- 
ing adjustment to carrying capacity, rotation, and water development, 
offers the most practical solution. 

Blue Mountains 

The Blue Mountains, together with Wallowa and other neighboring 
mountains and associated valleys, embrace something over 1£ million 
acres in northeastern Oregon and adjacent parts of Washington and 
Idaho. Nearly one-half of the area is included in the Malheur, Ochoco, 
Umatilla, Wallowa, and Whitman national forests (5| million acres). 
The higher mountainous country attains elevations of 6,000 to 9,000 
feet. Valley-floor elevations average about 3,000 feet above sea level. 
Slopes are generally precipitous. Most of the mountain land is forested. 
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Yellow pine predominates on the lower southerly exposures, and Douglas 
fir on the more humid northerly slopes. 

The mountains have a higher precipitation than the valleys — some 
12 to 30 inches, mostly in the form of snow. 

The principal valley soils include those derived from residual basaltic 
material, terraces and alluvial fans, wind-modified material, and recent 
alluvial and lake-laid deposits. The residual soils are dark- to light-brown 
silt loams and loams. The terraces and alluvial fans are occupied princi- 
pally by dark-brown or brown clay loams and loams, generally gravelly 
in both surface and subsoil. The wind-modified soils are dark-brown 
sandy loams, loams, and silt loams. The valley-floor soils are brown to 
light-brown loams and clay loams, productive where well drained but 
often poorly drained and alkaline. 

Farming is restricted largely to the production of supplemental feed 
crops on the irrigated lands of the valleys. During summer, livestock are 
grazed on the mountain ranges. Alfalfa and native grass hay are fed in 
winter. 

Range land outside the forests has suffered considerably from erosion 
produced by overstocking. Also, some timbered areas have been similarly 
damaged. Placer-gold operations have damaged portions of the valley 
lands. 


Cascade Mountains 

The Cascades include some 23 million acres of mountains and foothills 
extending across Washington and Oregon from British Columbia to 
California. The foothills on the western slope descend to elevations of 
only a few hundred feet above sea level. Except for a few lofty peaks, the 
main mountain mass is something under 10,000 feet in elevation. It is 
crossed, approximately in the center, by the Columbia River, at a level 
of about 100 feet above the sea. 

The Cascade Mountains present an effective barrier to the prevailing 
moisture-laden winds from the Pacific. On the western side, annual 
precipitation varies from about 30 to 50 inches over the foothills to more 
than 10 feet at the crest; on the east, the corresponding range is about 
12 inches in the foothills to about 60 inches at the crest. Snowfall ranges 
up to about 50 feet on the mountain tops. A larger proportion of the 
precipitation occurs as snow on the eastern slope, temperatures being 
milder on the western side. Accumulated snowfall is of considerably 
more importance to the country east of the mountains, because of its 
need for the more extensive irrigation operations on that side. Snow sur- 
veys on the eastern slopes are proving helpful to the agricultural interests. 

Dense forests of Douglas fir and associated species occupy much of the 
western slope; on the eastern side, the forests are more open and for this 
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reason much more extensively grazed. About 1£ million acres consist of 
national forests, including the Chelan, Columbia, Deschutes, Mt. Baker, 
Mt. Hood, Snoqualmie, Umpqua, Wenatchee, and Willamette. Mount 
Rainier National Park and the Yakima and Warm Springs Indian Reser- 
vations enclose approximately million acres. 

The» principal erosion problem is on the eastern slope, where both 
grazing and clean cutting in lumbering operations have contributed to 
local soil washing. Grazing management and improved methods of cutting 
are the answer to the main part of the problem. Complete cutting of 
entire watersheds undoubtedly accelerates runoff. Stream-bank erosion 
and deposition of erosional debris over alluvial farm lands during spring 
floods are said to have increased in recent years. 

Pacific Coast Area 

The Pacific Coast area embraces some 21 million acres west of the 
Cascade Mountains, in Washington and Oregon The Olympic Mountains, 
Puget Sound basin, and basins of the Chehalis and other tributaries ofr 
the lower Columbia River are included in the Washington sector;- the* 
comparatively low Coast Range, the Willamette Valley, and various^* 
other valleys, such as those of the Umpqua and Rogue Rivers, are^ 
included in the Oregon sector. Some 2 million acres are included in the' 
Olympic and Siuslaw national forests and the Olympic National Park. 

Precipitation in the Olympic Mountains section ranges from 80 inches 
at sea level on the western coast to over 140 inches on the higher moun- ^ 
tain slopes. In the Puget Sound basin, the range is from 15 to 50 inches’ 
at sea level to about 60 inches in the surrounding foothills. On the west- 
ward slopes of the Oregon Coast Range, rainfall varies from about 70 
inches at the coast line to more than 100 inches at the higher elevations. 
The range in the Willamette Valley is from about 30 inches at the interior 
to 70 inches in the foothills. More than three-fourths of the annual precipi- 
tation of the coastal area occurs during the six months of winter; mid- 
summer is usually rainless. Snowfall is light in the valleys, and the soils 
seldom freeze. 

On the rolling uplands of the Puget Sound area, the soils are pre- 
dominantly sandy or gravelly loams, underlain by sand, gravel, or com- 
pact silty clay material. Drainage is frequently excessive because of the 
porous character of the soils, and erosion generally is not serious. 

In the southern part of the Sound section, the soils occupy glacial 
outwash plains and contain much sand and gravel. Even the finer tex- 
tured types require some irrigation for successful farming. 

Stream-bank cutting and deposition of sand in the areas of productive 
alluvial land are the principal erosion problems of this section. 
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The principal soils of the Willamette Valley of Oregon, which covers 
some 5 million acres, are the alluvial lands along the streams (about 13 
per cent of the area) ; old valley-filling lands (about per cent) ; residual 
foothill lands (about 32 per cent) ; and rough, stony, and mountainous 
lands (about 33 per cent). 

The most important of the alluvial lands are the silt loam or silty 
clay loam of the Newberg series. These occur immediately along the 
streams and are subject to stream-bank and overfiow erosion. On the 
second bottoms or stream terraces, the Chehalis soils are the most exten- 
sive and productive. Generally, erosion is not a serious problem on these 
alluvial lands. 



Fig. 821. — Orcliard erosion, in the belt of rich, rolling country surrounding the Willamette 
Valley, Oregon. {Photograph by Soil Conservation Service, March 11, 1937.) 


Of the old valley-filling soils, those of the brown, well-drained Willa- 
mette series are the most extensive and important. Two other groups, the 
Amity and the Dayton, include gray and dark-gray poorly drained soils 
overlying mottled, impervious claypan subsoils. The Dayton soils are 
known as white land; and the Amity, as half white land. The principal 
problem connected with erosion has to do with overwash from adjacent 
higher lands. 

Two groups of residual hill soils are important, one derived from 
sedimentary rocks — ^Melbourne, Carlton, and Sites series — and the other 
from basaltic rocks — Olympic, Aiken, Cascade, Polk, Viola, and Waldo 
series. Some 500,000 acres of the first group occur in the Willamette 
Valley and additional areas in southwestern Washington. They are among 
the most erodible soils west of the Cascades (Pig. 321). The Melbourne 
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soils, the most extensive series, are light reddish brown in the surface, 
with yellowish-brown subsoils overlying sandstone or shale. On the basis 
of sample surveys, it is estimated that about 80 per cent of the Melbourne 
soils has lost three-fourths of the topsoil by erosion. Tests indicate that 
the infiltration rate has been reduced about 50 per cent where excessive 
erosion has occurred. 

Soils derived from basaltic rocks are of extensive occurrence, the 
Olympic, Aiken, and Cascade groups comprising more than a million 
acres in the Willamette Valley. These related soils are red or reddish- 
brown loams and clay loams with red clay subsoils overlying basalt. 
They are rolling to hilly, have good surface drainage, and for a period 
following clearing are markedly resistant to erosion. Those areas of the 
Aiken soils which have been cultivated several decades have lost more 
than a fourth of the topsoil, and the Olympic about a third. 

Of the nearly 5 million acres of western Oregon in farms, about 1,750,- 
000 acres are used for crops. Nearly a million acres of this are used for 
cultivated crops, including both field and orchard products. Much of this 
is rolling hill land of the Olympic, Aiken, and Melbourne soils, and erosion 
is becoming a serious problem on much of it. Willamette Valley is rela- 
tively densely populated. The average size of farms is 97 acres, with 3® 
acres devoted to crops. According to the Census of 1930, 22 per cent 
of the farm land was used for general farming; 13 per cent for fruit; 
13 per cent for dairying; 20 per cent for part-time, or self-sufficing, 
farming; and 32 per cent for specialty crops, poultry, etc. Farm families 
have continued to enter the valley, recently at a rate of more than a 
thousand a year; and because new land has not been cleared rapidly 
enough to provide adequate land, the tendency has been to subdivide 
further existing holdings of cleared land. This appears to be increasing 
the use of steep erodible land. 

Contouring, strip cropping, terracing, rotation of crops, and the 
planting of steep lands to a protective cover of vegetation are among the 
measures that promise relief for the increasing erosion. 

Drifting sand dunes along the coast of Oregon and Washington present 
a special problem of erosion control, the solution of which, as demon- 
strated by work in northwestern Oregon, is to stabilize the dunes by the 
establishment of a soil-holding cover. Holland grass has given excellent 
results in the first steps of control. When this is established, sand move- 
ment is slowed down so that other grasses and plants come in to assist 
with complete control. 





Chapter XXXIX. Pacific 
Southwest Region 


Wide variations in erosion, soil, relief, climate, and agriculture char- 
acterize the Pacific Southwest Region, embracing California, Nevada, 
and contiguous portions of Oregon, Idaho, and Utah. Its ^05 million 
acres cover high rugged mountains, rocky, timbered, and brush-covered; 
timbered foothills and footslopes; smooth fertile valleys; sparsely vege- 
tated desert plains; coastal terraces; alluvial fans; and wet lowlands. 

In order properly to describe the region, its varied characteristics and 
erosion conditions will be treated under six major problem areas: the 
Great Basin, Sierran Area, California Valley, Coast Range and Lowland 
area, Sonoran area, and Southern California Coastal Plain area (Map 16). 

In each of these broad areas, changing patterns of contrast occur 
within short distances. One soil type may be damaged severely by sheet 
and gully erosion on less than a 4 per cent slope, whereas another, used 
on the same farm for the same purpose, may exhibit only slight erosion, 
even on slopes up to 40 per cent. Acid soils dominate the western part 
of one coastal county (San Luis Obispo), whereas alkaline soils pre- 
dominate in the eastern part. Snow-clad Mt. Whitney, with an elevation 
of over 14,500 feet, is 75 miles west of hot, dry Death Valley, some 300 
feet below sea level. Less than 3 per cent of one county (San Bernardino) 
is in farms, the remainder consisting of sparsely settled mountain slopes 
and desert plains. Yet on this 3 per cent, nearly $35,000,000 of agricultural 
commodities are produced annually. 

Climatic types range from alpine to sonoran. Localities with damaging 
frost in midsummer contrast with those having a year-round growing 
season; sections that have recorded 70 inches of rain in a single month 
contrast with those recording no “trace’’ of rain in more than a year. 
Xerophytic, mesophytic, and hydrophytic vegetation is represented in 
large and small occurrences; sparse desert shrubs and cacti, sagebrush, 
chaparral, grassland, marsh, deciduous and coniferous forests, all are 
present. 

More than £70 series of soils have been established and mapped.^ Most 
of these are pedocalic (alkaline) in character, although many are pedal- 

^ Mainly in California. Less than 1 per cent of Nevada has been covered with soil 
surveys. 
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feric (acidic); some even possess lateritic, podsolic, and renzinic attri- 
butes. Although, some parts of the region are suffering serious damage 
through wind erosion, soil conservation, in general, primarily concerns 
the problem of man-accelerated water erosion. In varying degree, the 
effects of all classes of erosion are in evidence, ranging from surface 
stripping by sheet washing to spectacular ‘‘barrancas” 50 feet deep; 



K4 - Coast Ranges ond Lowlonds 
K5- Sonoron Area 

K6— Southern California Coostal Plain Area 

Map 16 . — Problem area of the Pacific Southwest Region. {Soil Conservation Service,) 


from the little recognized wastage of soil and water through improper 
irrigation practices to confusing processes of erosion approaching geologic 
denudation. 

A diversity of agricultural activities has developed on the basis of 
these varied physical conditions. Great expanses of open range land, 
both public and private, are used for the grazing of cattle and sheep. 
Extensive acreages are utilized for the production of grain, forage, and 
other field crops by dry-farming methods. An additional large acreage 
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supports a relatively dense farm population, actively engaged in growing 
more than 200 commercially important crops by irrigation or other 
intensive practices. Small subsistence farms dot the sparsely settled 
districts; orchards and vineyards invade the bordering, steeper slopes; and 
in certain thermally favored localities, subtropical fruits are produced 
successfully as far north as the latitude of Baltimore or Denver. 

Complete data as to current land use are not available, either for the 
region or for the individual problem areas. Based on state and county 
records as reported in the 1935 Census of Agriculture, and allocated in 
accordance with general knowledge of conditions and areal extent, a rea- 
sonably close approximation of the agricultural use of land is possible. 
This indicates that some 38 million acres, or 20 per cent of the land area 
in the region, are in farms. Of this, about 30 per cent, or 11 million acres, 
is classified as cropland, exclusive of plowable pasture. Approximately 
66 per cent of the 175,000 farms are owner-operated, and 20 per cent are 
tenant-operated. The total value of all farm land and buildings approaches 
$2,500,000,000. This is a valuation of about $14,000 for an average farm of 
220 acres, or about $65 an acre. 

A large part of the farm products is shipped to consuming centers 
some 2,000 miles away. This handicap has largely been met by highly 
developed, intensive systems of production and marketing. Distinctive 
environmental conditions are utilized to the utmost, and many of the 
better favored localities are characterized by one or more closely related 
specialty crops. 

Out of these circumstances has developed not only a distinctive land- 
scape of environment and land use but also an economic and social pattern 
evidencing a high appreciation of the value of cooperative endeavor 
among the farmers themselves. Some 80 farmer-operated organizations 
are in existence. These have placed on the markets of the world a variety 
of standardized farm products. 

Agricultural production in the Pacific Southwest region has an 
annual value of more than $750,000,000. Livestock accounts for more 
than $250,000,000; oranges, for $35,000,000; tame hay, for $30,000,000; 
and 40 other crops contribute between $1,000,000 and $15,000,000 each. 

Arising out of the wide diversity of environmental conditions, land 
use, and resultant economic and social circumstances, the problems of 
soil and water conservation are equally diverse and numerous. The 
characteristic rainfall regime of the coastal belt, with its short season of 
high-intensity precipitation followed by 6 to 9 months of drought, 
added to the diversified farming methods generally practiced, is suflS.- 
cient to illustrate the complexity of the problems and indicate that they 
may not, in all instances, be solved by simple, standard practices. 
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Great Basin 

This Great Basin, with an area of approximately 96 million acres, is 
bordered on the east by the Wasatch Range, on the west by the Sierra 
Nevada mountains, and on the north and south by a series of low ranges 
or divides. It is characterized by a succession of northeast-southwest 
mountain ranges with intermountain alluvial valleys, many of which 
represent sites of ancient lakes. Below the precipitous crests of these 
mountains, long, gentle fans of detritus descend to broad, flat-bottomed 
valleys, usually broader than the ranges, so that the extent of level and 
gently sloping land exceeds that of steep land. 

About 46 per cent of the area has an average precipitation less than 
10 inches, and only about 6 per cent has more than 20 inches. The eastern 
and southern portions of the Basin, and to some extent the western por- 
tion, are subject to erratic precipitation from summer convectional 
storms. These sometimes develop to cloudburst proportion and are 
locally very destructive. In the northern part, below zero temperatures 
are common during winter, extremes of 30 and 40 degrees below having 
been recorded. 

Native vegetation ranges from desert species to those found only 
under alpine conditions, a variation due largely to differences in altitude 
and resultant climate. The growth at higher elevations is characterized 
by western yellow pine, scattering fir, spruce, and aspen, interspersed 
with sagebrush. Bunch grass and sagebrush predominate on some moun- 
tain areas. Over the floor of the Basin, sagebrush, greasewood, and other 
desert plants are the characteristic growth. The pinon-juniper type of 
vegetation dominates many of the higher mountain areas. 

Most of the Great Basin consists of gray desert soils, such as (1) 
residual shallow soil of the hilly to mountainous blocks; (2) deep, per- 
meable soils derived from old water-transported material, usually with 
strong lime accumulation, occurring on broad gently sloping alluvial 
fans extending downward from the base of the mountains; and (3) soils 
formed of recent water-transported material, on the valley fl.oors. In 
addition to these broad groups, shallow highly erodible soils occur on 
dissected elevated benches of lacustrine origin, and heavy soils high in 
alkali are found on bare desert flats. 

Approximately 9| million acres, or 11 per cent of the total area of the 
Great Basin, are included in farms; and about 2^ million acres, or 3 per 
cent, consist of cropland. National forests (Dixie, Fremont, Humboldt, 
Modoc, Nevada, and Toiyabe) contain about million acres; an area of 
4 million acres is in railroad land grants; and about 6 million are in 
Indian and other Federal reserves. The balance, about 66 million acres, 
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is in public domain, of which some 40 million acres are in established 
grazing districts. 

Farming is confined almost wholly to the lands close to waterways 
with a supply of irrigation water. Dry farming is practiced to only a minor 
extent. Since farming is dependent on water, concentrations of agricul- 
tural activity occur in the better watered localities near the foot of the 
Wasatch and the Sierra Nevada Ranges. Elsewhere irrigated land is 
widely scattered. 

In these two concentrated areas, general farming dominates, with 
dairy, crop specialty, and truck farming as the major types. Even in 
these areas the ranging of sheep and cattle is an important enterprise. 
Throughout the remainder of the area, livestock production predominates. 

Range and farm are closely integrated and mutually interdependent 
in this subdivision of the Pacific Southwest region, the farm being head- 
quarters for all operations. Hay and pasturage are provided on the farms 
for livestock during winter and other periods when range forage is not 
available or when grazing would be detrimental to the ranges. Farms 
without livestock sell hay to neighboring farms that carry livestock 
and so are indirectly dependent on animal industry. The ranges supply 
feed during the grazing season, which normally extends from early spring 
to late fall. Although in some instances range operations can be carried 
out wholly on the range, the most effective procedure involves com- 
bining the use of range and farm. 

The population of the area is about 650,000, largely concentrated 
along the eastern and western borders. Much of the interior is very 
sparsely inhabited. Settlement, which began about 1847, took place 
along those streams which provided a readily available supply of irriga- 
tion water. Various localities today have inadequate supplies of water. 
In the absence of water measurements during early settlement, many 
streams were over appropriated for direct flow. This, together with 
insufficiently developed supplies, inadequate storage, and inefficient 
diversion facilities, accounts for present shortages. In addition to the 
major streams, minor streams, springs, and artesian supplies are scat- 
tered widely over the Basin, each furnishing water for one or more live- 
stock farms. The total of these small, scattered water supplies, although 
constituting only a small part of the visible water, is the key to the 
economic use of a considerable part of the vast area of range land. 

Most of the winter precipitation on the high mountains falls in the 
form of snow, and it is on these limited natural storage areas that most 
of the Great Basin depends for summer stream flow and replenishment 
of the underground water supply. Most of the flow issues from mountain 
streams as flood water in May and June, whereas the maximum need for 
irrigation is during July and August. A great need is for adequate reservoir 
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capacity to store unused spring runoff for use during the growing season. 

Over a large area in northern Nevada and adjacent Oregon, as well 
as Utah, the drainage is internal, or of the basin type; that is, it even- 
tually disappears in the ground locally. Great Salt Lake, for example, 
receives drainage from the surrounding country but has no outlet. 

Recreation and wildlife activities are desirable land uses and form 
important sources of income in a number of localities. Lakes and streams 
of the eastern slope of the Sierra Nevada and streams falling from the 
western slope of the Wasatch and other ranges are well stocked with fish. 
They attract thousands of anglers. The Bear River Wildlife Refuge on 
Great Salt Lake and the Malheur Refuge in Oregon are two of the larger 
refuges in the United States for migratory water fowl. Eleven organized 
Grazing Districts, administered by the Division of Grazing under the 
Taylor Grazing Act, comprise 40 million acres of public domain devoted 
to grazing. 

Erosion is a problem of varying seriousness over most of the range 
land as well as on considerable sloping irrigated land. Much of the crop- 
land is on the flood plains of streams, adjacent terraces, and alluvial fans, 
where the slopes are commonly gentle and erosion usually is not serious. 
Here the situation can be controlled by better leveling for irrigation, by 
construction of adequate headgates and turnouts, by the designing and 
building of proper channels for waste-water collection, and by the 
installation of proper drainage outlets. Stream-bank erosion is severe in 
many localities and will require various structural treatments, as drops 
and checks, jetties, and tetrahedrons, together with some vegetative 
plantings. To a considerable degree, successful use of such measures 
depends on control of erosion over adjacent range lands. 

Erosion is active in some degree on nearly all the range land of the 
Great Basin. Over considerable areas, sheet washing has removed a large 
part of the surface soil from the uplands, and gullies have incised numer- 
ous lowland areas as well as portions of the uplands (Fig. 322). Usually, 
range-land erosion has been preceded by depletion of the native plant 
cover through overgrazing. 

The value of farm land depends to a considerable extent on the 
method of utilizing adjacent range; returns from the former usually 
decrease with impoverishment of the latter by overgrazing and resultant 
erosion and water wastage through accelerated runoff. Farm income thus 
reduced makes increasingly difl&cult the maintenance of necessary struc- 
tures and a balanced program. A decadent rural area results. 

The control most needed on both private and public land is a grazing 
program that conforms with the carrying capacity of the range. Such a 
program may involve deferred and rotation grazing; correct seasonal use 
by the type of livestock to which the range is best adapted; or. in some 












Fig. S2 ^. — Gullies that were cutting headward into this valuable area of Nevada 
meadow have been controlled by a series of masonry ‘‘drops.” When not protected, numer- 
ous areas, such as this, are completely ruined by the encroachment of gullies and consequent 
lowering of the water table and replacement of meadow grass by worthless rabbit brush. 
{Photograph by Soil Conservation Service,) 



Fig. 323, — Small check dams of this type control gully erosion caused by “return” 
irrigation water, and facilitate more uniform distribution of water to lateral ditches. 
{Photograph by Soil Conservation Service,) 
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Instances, exclusion of all livestock for varying periods, depending on the 
condition of the particular tract. To effectuate the program may neces- 
sitate such supplementary practices as fencing, development of stock- 
water facilities, small dams for gully control, contour furrowing, and 
water pocketing or spreading (Fig. 323). 

The Soil Conservation Service, during its limited period of operation 
in the Great Basin, has demonstrated measures for control of stream- 
bank erosion, gully and water-table control on farmed areas, and canal 
protection by overpasses and diversion channels (Fig. 324). On range 
lands, the advantages of water spreading by means of grade ditches are 



Fig. 324. — Black willow cuttings and rock jetties are used to control bank cutting along the 
Virgin River, Nevada. (Photograph hy Soil Conservation Service.) 


being demonstrated. The Panaca CCC project affords an excellent demon- 
stration of water conservation and erosion control by the use of small 
dams and water pockets. 

Legally constituted soil conservation districts, now being formed, 
present increased opportunity for control of erosion on private lands 
through better community cooperation and more effective relationships 
with Federal and state agencies. 

Despite an inadequate water supply, floods are of common occurrence 
in the Great Basin. In some of the more critical areas, such as those along, 
the base of the Wasatch Hange, erosion and floods have severely damaged 
farms, highways, railroads, and other public works. To a lesser degree, 
similar floods occur throughout the Basin. Not only have farm lands 
and public and private improvements been damaged, but the carrying 
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capacity of the range has been reduced. For many farm areas, loss of 
range resources means economic ruin, whereas for other areas it means an 
entire readjustment of farming operations. 

Sierran Area 

Rugged, snow-capped mountain masses, ranging from 2,000 to more 
than 14,000 feet above sea level, characterize the Sierran Area, which 
extends from the Tehachapi Mountains, in Kern County, California, 
northward to the somewhat lower and less rugged Cascade Range, near 
the California-Oregon line. The area lies almost entirely in California. 
The intermediate and lower slopes are covered with dense forests of 



Fig. 325. — Dense growth of coniferous forest typical of the Sierran area, California. 
{Photograj)h hy Soil Conservation Service.) 

ponderosa pine and other conifers, with occasional grassed areas (Fig. 
S25), whereas the higher elevations are sparsely vegetated or permanently 
snow-covered. 

In the central and southern two-thirds of the area, the crest is within 
15 miles of the eastern and about 40 miles from the western boundary. 
The westward drainage concentrates in a dozen or more large streams, 
such as Feather, Yuba, American, Mokelumne, Stanislaus, Tuolumne, 
Merced, San Joaquin, Kings, Kaweah, Tule, and Kern Rivers, fed by 
storm waters and melting snow. The resultant perennial flow of these 
streams has cut many spectacular, steep-walled canyons to depths of 
1,000 feet or more below the adjacent terrain. 

Relatively warm, dry summers and cold, wet winters characterize 
the climate. Temperature ranges from well below freezing in winter to 
more than 100°F. during the hotter middays of summer. The diurnal 
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range is likewise great. Length of growing season varies with local con- 
ditions of topography, elevation, and exposure but seldom exceeds £00 
days. Annual precipitation is high, particularly in comparison with that 
on the adjoining lowlands of the California Valley and Great Basin. 
Ranging, for example, from about 30 inches at Sonora at an elevation of 

1.800 feet in southern California to more than 75 inches at Inskip at 

4.800 feet, it tends to increase with elevation up to about 6,000 feet. At 
corresponding elevations, it is usually greater in the northern sector of 
the Sierras. 

About three-fourths of the annual precipitation falls during the five 
winter months, November to March, usually in the form of snow. Owing 



Pig. 326. — Severe sheet and gully erosion have forced abandonment of this formerly produc- 
tive field, near Placerville, California. (Photograph by Soil Conservation Service.) 


to prevailing low temperatures, this tends to accumulate in an extensive 
deep snow mantle, usually 10 feet or more. 

Primary acid soils of semimature profile are typical of the Sierran 
subdivision. To the north, the parent rocks are largely basic igneous, 
principally basalt, and the Aiken clay loam is a representative soil type; 
to the south, granitic rocks are extensive and give rise to the Holland 
sandy loam and associated soils. 

Throughout its full depth, the extensive Aiken clay loam normally is 
permeable and has a moderately high water-holding capacity. However, 
its permanent wilting point is imusually high, and the small amount of 
soil moisture available for plant use constitutes a problem of great impor- 
tance to farmer and orchardist. Where the Aiken soils have the full 
protection of native cover, soil loss by erosion, even on moderately steep 
slopes, is imperceptible. Damage is generally severe, however, wherever 
the cover has been reduced or destroyed by fire, overgrazing, or clearing. 
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Most serious damage occurs on cultivated land (Fig. 326). The Holland 
soils are even more susceptible to damage by erosion. 

Eleven national forests (Mono, Inyo, Hogue Hiver, Shasta, Lassen, 
Plumas, Tahoe, El Dorado, Stanislaus, Sierra, and Sequoia) and four 
national parks (Lassen, Yosemite, General Grant, and Sequoia) comprise 
within their boundaries the greater part of the area. Lumbering and 
summer grazing of livestock, largely under national forest regulation, 
are two leading activities. Neither, however, exceeds the importance of 



Pig. S27. — This burned area in which most of the trees and the ground litter were 
destroyed is exposed to accelerated erosion and runoff. Northern California. {Fhotografh 
by Soil Conservation Service.) 


the area as a year-round source of water for both domestic use and 
irrigation. 

Except for a few widely separated farms in the marginal belt of lower 
elevation, agricultural activities are concentrated chiefly in the small 
mountain valleys of Plumas, Shasta, and Siskiyou Counties. Some valley 
land is planted to alfalfa and small grain. Most of the remainder is in 
native grass, which likewise is irrigated and cut for hay to provide neces- 
sary supplementary winter feed. 

Forest fires, overgrazing, lumbering, and farming have played impor- 
tant parts in disturbing the natural balance that formerly existed in the 
Sierran area (Fig. 327). In recent years, the Forest Service and other 
Federal agencies have recognized the problem and have endeavored to 
correct the situation. 
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The mountain snow is at once a great benefit and a hazard. If it 
melts slowly, a continuous supply of water is available for hydroelectric 
plants, irrigation districts, and metropolitan areas. When it melts quickly 
in spring or early summer, runoff is rapid, and erosion severe. Raging 
torrents boil down the mountain canyons to overflow reservoirs and 
expend their destructive force on intensively farmed lower lands in the 
Sacramento and San Joaquin Valleys. Adequate justification for soil 
and water conservation in the Sierra Mountains could be found solely in 
the protection afforded to these valley lands. However, there is great 
need for protecting and preserving the watersheds, forests, and recrea' 
tional values within the mountain area. 

Most of the area has a natural forest cover, protection and improve- 
ment of which constitute a first basic step in any program of control. 
Over a large area, a cover of grasses, weeds, and shrubs supplements the 
trees in reducing erosion and runoff. This cover should be given full pro- 
tection, even though it may mean changes in season of use as well as in 
numbers of using animals. Riding, open herding, salting, fencing, and 
other range practices should promote a more uniform distribution of 
grazing. Portions of the area that cannot be used advantageously by ani- 
mals, or where the damage to reproduction is too great, should be closed 
to grazing as long as these conditions continue. 

For the scattered tracts of cultivated land, certain changes in cropping 
and cultural methods, augmented by simple structures, are the recom- 
mended procedure. On the erodible soils, excessive slopes, those over 15 
per cent generally, should not be cultivated. In general, mechanical 
treatment for the protection of mountain slopes will not be economical. 
Structures, such as revetments, levees, detention and check dams, and 
other forms of mechanical treatment can be used effectively for control 
of flood runoff, bank cutting, and other types of stream erosion. 

The economic implications of a program of flood and erosion control 
in the Sierran Area are far-reaching. As indicated, the greatest benefit to 
be gained is protection of the watershed values, although the recreational 
values are scarcely less important. It would not be inconsistent with 
benefits to assign to downstream areas a portion of the cost of certain 
large upstream structures and works having measurable protective effect 
on the lower areas. 


California Valley Area 

The great Interior Valley of California, comprising 12 million acres, is 
a troughlike depression, about 450 miles long and more than 50 miles 
wide in places. It encompasses almost as great a variety of physical con- 
ditions as are present in the entire Pacific Southwest region and is one 
of the most extensively farmed areas in the region. 
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For adequate presentation, important differences in the physical 
conditions pertinent to local problems of soil and water conservation 
necessitate subdivisional treatment of the area. 

The lower Sierran slopes and foothills extend in a narrow belt from a 
point north of Redding southward to the vicinity of Bakersfield. Crossed 
by numerous major and minor streams, a few of which occupy deep 
canyons, this subdivision is characterized by a succession of transverse 
interstream ridges, the tops of which are smoothly rolling to hilly. These 
ridges, sloping toward the valley through moderately steep gradients, 
merge at the lower levels with the upper alluvial plains. The lower slopes 
are covered with grass and oaks; the intermediate portions, with grass, 
brush, digger pine, and oak; and the higher, better watered sections with 
dense forests of pine and fir. Many of the ridges have better air drainage 
and higher rainfalT than adjacent lowlands and have achieved distinc- 
tion in the production of early deciduous fruits. Irrigation is necessary 
during the dry summer season, in many instances water being diverted 
and sold for this purpose after it has passed through hydroelectric plants. 
An important part of the lower slopes is dry-farmed to grain. Both 
orchards and grain fields, however, occupy a relatively small acreage, 
more than 80 per cent of the foothill area being in native cover and 
utilized for grazing. 

As in the adjacent Sierras, soils of the Aiken series, derived from 
basic igneous rocks, predominate in the northern portion, whereas soils 
of the Holland series, derived from granitic rocks, prevail in the southern 
portion. The most serious damage to these lands has occurred in the 
irrigated, clean-cultivated orchards that have been square-planted on 
slopes up to ^5 or 30 per cent. Despite the justifications offered for this 
practice, better cultural methods must be adopted if these lands are, to 
be protected. Irrigation and other operations along slight gradients 
approximating the contour will go far toward reducing erosion. A com- 
plete, permanent cover of grasses or legumes in the orchards will entirely 
stop it, but this frequently involves a question as to the adequacy of 
water supply. 

The northern valley floor extends from the vicinity of Redding south- 
ward to the Sacramento-San Joaquin delta. Bordered on the east by the 
Sierra Nevada foothills and on the west by the Coast Range, this sub- 
division of the California Valley includes the lowland portions of a dozen 
counties. The eastern and western sides are bordered with belts made up 
of a series of coalescing fans. The central axis of the valley rises almost 
imperceptibly (about 1 foot per mile) as far north as Red Bluff, above 
which point the gradient steepens. A wider range in temperature char- 

^ Oroville, Auburn, Placerville, and Auberry have average annual precipitation of 
37.07, 31.93, 41.47, and 24.29 inches, respectively. 
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acterizes the northern end of the area, which likewise has a higher rainfall. ^ 
A great variety of crops is grown. Some localities have achieved recog- 
nition as important producers of prunes, peaches, grapes, hops, rice, and 
other special crops. Irrigation agriculture dominates the floor of the 
valley; the higher, bordering alluvial fans are dry-farmed to small grains 
or used for grazing. 

The soils are almost exclusively of the secondary group, derived from 
water-transported (valley-fill) material. A wide variety of recent, or 
immature, soils occupies the lower lying valley plain; and older soils, 
many of which have heavy, compact subsoils, dominate the steeper 
marginal slopes around the valley. Although most of the older secondary 
soils generally occur on slopes of less than 15 per cent, they are moderately 
susceptible to erosion because of relatively shallow depth to imper- 
meable subsoil. Both overgrazing and clean cultivation result in loss of 
soil from the sloping lands, with consequent depositional damage to 
somewhat more valuable, lower lying areas. 

The Sacramento- San Joaquin delta comprises a distinctive and 
agriculturally important area consisting principally of sea-level peat 
located at the confluence of the Sacramento and San Joaquin Rivers, 
some 40 miles east of San Francisco Bay. The two rivers and their dis- 
tributary channels interlace this 250,000-acre tract, dividing it into a 
hundred or more interfluvial units, or '‘islands.’’ The central portion of 
each is at or below sea level, with the water in adjacent channels several 
feet higher. Surrounding each island, and giving it a saucer-like configura- 
tion, is a higher stream-built ridge of mineral alluvium. 

By means of strong protective levees along these ridges, and adequate 
drainage and irrigation systems, almost the entire delta has been brought 
under cultivation during recent years. Asparagus, sugar beets, potatoes, 
celery, onions, and other crops, to the value of nearly $30,000,000, are 
produced annually by intensive methods of both hand labor and 
machinery. 

Fire is the chief hazard to farming activities. Like wind and water 
in the case of mineral soils, it is a destroyer. Once they are burned, there 
is no practicable method of restoring these valuable organic soils. Fires 
in the delta are of two types: accidental conflagrations and "cultural 
burnings.” The latter are a long-established practice, designed to give 
better tilth and prevent weed and pest infestations. However, each 
cultural burning lowers the land surface between 1 and 6 inches, and each 
constitutes an additional step toward ultimate destruction of the inflam- 
mable organic soil. 


^ Redding, Red Bluif, Chico, Marysville, and Sacramento have average annual precipi 
tation of 37.32, 23.56, 19.59, and 18.50 inches, respectively. 
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A novel problem in sail conservation is presented by this area, and 
appropriate corrective measures need to be developed. The elimination of 
cultural burnings and the inauguration of better irrigation and fertiliza- 
tion programs are indicated. 

The northern and east-central portion of the San Joaquin Valley floor 
lies immediately south of the delta and includes most of the more impor- 
tant agricultural land in seven counties (San Joaquin, Stanislaus, Merced, 
Madera, Fresno, Kings, and Tulare). At the north, this area extends 
across the valley, reaching from the Sierra Nevada foothills to the base 
of the Coast Range. Southward, however, it covers only the eastern 
half of the valley, the boundary separating it from the even more arid 
southern part of the San Joaquin Valley swinging diagonally across the 
central trough. Coalescing alluvial fans form moderately steep, broad 
plains along both the eastern and the western margins. These grade 
imperceptibly into the basinlike alluvial bottom of the valley trough. 
The longitudinal axis of the valley, like that of Sacramento Valley to the 
north, has little gradient; within a distance of some 200 miles, the eleva- 
tion increases less than 400 feet, an average grade of about 0.03 per cent. 

This unit is of great agricultural diversity and importance. Irrigation 
agriculture is highly developed wherever water is available, most of the 
normal stream runoff being impounded in reservoirs to meet water 
requirements. Vineyards; orchards of deciduous, citrus, and subtropical 
fruits; and other intensive perennial plantings are numerous and exten- 
sive. Dairying and alfalfa production give distinction to the environs of 
Modesto and Turlock, and citrus to the Porterville district. Cotton is 
rapidly dominating the plains to the south of Fresno. Owing to the extent 
of nonirrigable lands, grain production by dry-farming practices has long 
been important. Also, the grazing of sheep and cattle is an important 
seasonal activity on these lands, the livestock usually moving into the 
adjacent foothills and high Sierras during summer and fall. 

The climate is characterized by hot, dry summers and mild winters. 
Precipitation decreases from about 15 inches in the northern part to less 
than 10 inches in the southern, the greater part falling during winter. 
The southern end is marked by high temperatures, much sunshine, and 
aridity. These conditions have favored the maturing and curing of several 
important crops, particularly raisin grapes. 

A wide diversity of secondary soils characterizes this area. The parent 
materials range from recent deposits to old valley-fill beds. Some of 
the older soils are characterized by rocklike hardpan in the subsoil. 
The older soils dominate the upper, more steeply sloping plain; and the 
younger types characterize the less sloping to nearly flat, lower alluvial 
plain. The former have many pedalferic attributes, whereas the latter 
are definitely pedocalic. The San Joaquin series is extensively developed 
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on the upper plain and may be considered representative of the more 
erodible group of older soils. 

Although the San Joaquin and the other old soils generally occur on 
slopes of 15 per cent or less, they are markedly susceptible to erosion. 
This is primarily due to their shallow topsoil and dense, relatively imper- 
meable subsoil. Overgrazing and the prevalent practice of clean cul- 
tivation have increased the erosion hazard and have led to serious losses 
of soil. Through deposition, many lower lying areas of more productive 
land have been severely damaged. A definite program of better farming 
practice and erosion-control work — one in keeping with land values — is 
needed. 

The southern, upper part of San Joaquin Valley is definitely arid, 
being situated within the ‘‘rain shadow'^ of the central Coast Range. 
This area includes the western part of Fresno, Kings, and Kern Counties. 
It is characterized by wide variations in diurnal and seasonal tempera- 
tures and by an annual rainfall of less than 10 inches.^ 

The dominant physiographic feature is the broad, moderately 
sloping piedmont plain, marked in its upper, steeper part by sparsely 
vegetated low hills and ridges and, in its lower part, by intermittent 
lakes. The native vegetation is xerophytic, typified by short-lived annuals 
and low desert shrubs. Petroleum is a chief source of income, although 
relatively large acreages of land in the vicinity of Bakersfield have been 
brought under irrigation and successfully utilized for cotton, alfalfa, and 
other crops. However, the greater part of the area has no adequate supply 
of water, and the grazing of livestock is practically the only agricultural 
activity. 

The soils are highly calcareous, mainly secondary in origin, and 
dominated by the Panoche series. Because of their high absorptive 
capacity, these soils are not particularly susceptible to erosion. They have, 
however, a pronounced tendency to puddle and pack. In localities heavily 
tramped by livestock, the infrequent rains of high intensity usually 
result in serious erosion. 

The northern coast-range foothills extend along the eastern margin 
of the Coast Range, between Trinity and San Benito Counties. Separated 
from the ocean by high mountain ridges, this narrow belt of foothills is 
characterized by a relatively low rainfall^ and by high summer tempera- 
tures. For the most part, the foothills are characterized by a cover of 
grass, with scattered oak and pine. Some of the shallower and drier por- 
tions have a cover of chaparral. The greater part of the belt is held in 

^ Coalinga, Dudley, Bakersfield, and Maricopa have average annual precipitations of 
6.55, 6.40, 5.62, and 5,54 inches, respectively. 

^ Fruto, East Park, and Guinda have average annual precipitation of 21.33, 17.14, and 
21.48 inches, respectively. 
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large units, utilized mainly for grazing or dry farming to small grains. 
Some small areas have been planted to vineyards and deciduous orchards. 

Soils of the Altamont series are characteristic of this foothill belt. 
They are best suited to grazing. Moderate erosion is noticeable in many 
localities, and land slips are of rather frequent occurrence. Heavily over- 
grazed areas, as well as those plowed for winter grain, show serious losses 
through erosion. 

The central coast-range foothills represent a southern projection of 
the northern foothill subdivision. Extending southward to Los Angeles 
County, it includes portions of San Benito, Monterey, San Luis Obispo, 
Santa Barbara, and Ventura Counties. This area occupies an even more 
pronounced '"rain-shadow” belt and is characterized by a relatively low 
annual precipitation^ and high summer temperatures. The uplands 
support a cover of grasses and herbaceous annuals, with scattered areas 
of chaparral and forests of oak and pine. Large land holdings prevail; 
and although a few minor plantings of grain and other crops are made on 
the better situated lands, the area is utilized primarily for the grazing of 
beef cattle and sheep. 

The Altamont soils occur throughout the northern foothills, whereas 
the Kettleman soils occupy the drier, southern part. The latter, derived 
from sandstone and shale, have developed under conditions of low rainfall 
and sparse cover of grass and weeds. Although they absorb and hold 
water well, their shallowness and thin cover expose them to serious 
erosion during the occasional heavy rains. These soils are of limited value 
even for grazing; and if they are so used, care must be taken to preserve 
enough of the native cover to protect the soil from washing during winter. 

Generally, throughout all six subdivisions of the California Valley 
area, precipitation is of high intensity, with resultant severe sheet washing 
and gullying on both the moderately and the steeply sloping lands. In 
several localities, such as the intensively farmed delta lands near the 
city of Stockton and the sandy areas near Turlock and Arvin, soil blowing 
is a problem. 

On the important mixed annual and perennial grass range and the 
dry-farmed hay and grain lands on both sides of the valley, the severe 
sheet erosion and active gullying are largely due both to lack of winter 
cover and to depletion of organic matter. General and severe overgrazing 
of the annual vegetation leaves the soil practically bare in many places 
at the beginning of the rainy season. 

Continuous single cropping on dry-farmed lands has so depleted the 
soils that they are excessively credible, the late-planted cover of cereal for 
hay or grain providing an inadequate protection, even on moderate 

1 Antelope Valley and Patti way have average annual precipitation of only 8.20 and 
9.33 inches, respectively. 
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slopes. Many large grain fields occupy long slopes, a condition especially 
conducive to gully formation. 

Tlie intensively developed flat central plain primarily requires pro- 
tection from flooding and deposition. This can best be effected by stabili- 
zation basins and dams, downstream and upstream; and by an extension 
of grass, shrub, and tree cover in the upper areas. On the areas being 
damaged by wind erosion, protection likewise should include provision 
for a satisfactory ground cover. Water conservation by such methods as 
contour listing and furrowing is needed to enhance plant growth over 
practically the entire area, as are terracing and gully stabilization to^pre- 
vent further dissection of farm and orchard land. 

Once excellent grazing land in the vicinity of Fruto and Stony 
Creek is being destroyed rapidly by erosion. Deferred and rotation 
grazing, and possibly pasture furrowing, supplemented by gully control 
and planting, would effect marked improvement of present conditions. 
In the vicinity of Exeter, Lindsay, and Porterville, erosion damage is 
taking place over important areas of diversified agriculture, including 
orange groves and grazing. 

If soil and water conservation is to become a fact, and soil productivity 
is to be maintained, areas of intensively operated farms and orchards 
must be protected by such measures as cover crops; the use of green 
manures or mulches; rotation of crops; and contour planting, cultivation, 
and listing. 

Methods of deep tillage and furrowing or listing are most effective 
when the contour is closely followed. Such methods of moisture conserva- 
tion, in combination with increased vegetative cover, can be extended 
effectively to the heavier soils and steeper slopes. Holding rainwater on 
the land by these and other practices will, in most instances, provide suf- 
ficient moisture to produce a better protective cover. Contour planting of 
orchards and vineyards is necessary on sloping land. 

The Soil Conservation Service has two soil and water conservation 
projects in the California Valley area. These have demonstrated the basic 
importance of vegetative cover and the frequent necessity for supplement- 
ing such cover with other control measures, determined by soil char^ 
acter, density of cover, and degree of erosion as the result of past 
treatment. 

At the Placer ville demonstration project, located near the eastern 
edge of the Sierra Nevada foothills, the value of a permanent sod crop in 
irrigated orchards on steep slopes has been shown. This cover effectively 
controls erosion, promotes penetration of water, and is reported by 
farmers to reduce cost of crop production. Today, there is an important 
trend toward the greater use of permanent cover crops in irrigated 
c?rchards of all kinds throughout the state (Pig. SS8). 
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At the English Hills erosion-control project, many areas have been 
producing above the level of sustained yield, largely because too much 
emphasis has been placed on maximum immediate returns from the land. 



Eig. 328. — Permanent cover crops of this kind (grass in 9-year old avocados) aid in the 
control of erosion by winter runoff and irrigation water. California. {Photograph by Soil 
Conservation Service^ 



Fig. 329. — A portion of a severely eroded 900-acre fruit farm shifted to pasture and 
supplementary feed production, for sheep. English Hills section, California. {Photograph by 
Soil Conservation Service.) 


Much of the inherent productivity of the soil has been lost, and a lower 
sustained-yield level is all that can be expected under continuation of 
present farm practice. Had due consideration been given to proper 
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erosion-control practices, much of the land now severely damaged might 
well have continued in use on a sustained-production basis. 

The concept of soil and water conservation is based on sustained 
productivity of the land. To accomplish this, changes in land use are 
frequently necessary. Examples of such changes are fairly numerous. For 
example, at English Hills, several hundred acres of deciduous orchard 
trees were removed, and a livestock enterprise set up (Fig. 3^9). Changes 
from field crops to grazing have also been successfully made here. 

Any effective flood-control program for this area will require large- 
scale treatment of watersheds to protect and increase vegetative cover, 
together with the building of retention reservoirs to retard runoff and 
reduce peak-flood flows. Part of the Central Valley has insuflScient 
water for irrigation of all agricultural land. 

Coast Ranges and Lowlands 

NoRTHERisr Part 

Rising rapidly from the seacoast, across a narrow belt of marine 
terraces and low hills to the steep, rounded mountains of the interior, 
the northern part of the Coast Ranges and Lowlands area is characterized 
by high rainfall, dense forest cover, and highly erodible soils. The typical 
virgin cover consists of a dense growth of redwood, fir, knd broadleaf 
trees, with a thick undergrowth of shrubs and other perennials. Lumber- 
ing already has removed much of the original timber; a large part of the 
present forest cover is second growth. Gradually, the agricultural popula- 
tion is increasing. 

Annual precipitation, three-fourths of which usually occurs during 
winter, ranges from about 30 inches at Santa Rosa (elevation 167 feet) 
to 109 inches at Monumental (elevation £,750 feet), near the Oregon line. 
Fogs are common in summer. Because of the climatic conditions, cut- 
over lands normally revegetate rapidly. 

Most of the valley lowlands of the coastal belt and part of the gently 
sloping uplands are used for dairy farming, the dominant agricultural 
activity. Lumbering, still the most important industry, has moved 
inland along with a scattering of subsistence farms. The heavy growth of 
fir and pine on the higher hills and mountains in the central and northern 
parts of the area is largely included in five national forests (Siskiyou, 
Shasta, Klamath, Trinity, and Mendocino). In them, lumbering and 
grazing are conducted under Forest Service regulations. 

The principal soils are derived from sandstones and shales; most of 
them are of acid character. Hugo clay loam is the most extensive type, 
except immediately along the coast, where Melbourne clay loam pre- 
dominates. Both types erode readily where bared of cover. But for the 
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rapidity of vegetative recovery, much more land would be severely eroded. 
This is shown by the damage that has occurred in a number of fields and 
overgrazed areas. Sheet and gully washing of an advanced stage has 



Fig, 331. — ^Annual ditches and cover crops are proving very effective in controlling erosion 
in deciduous orchards of California. (Photograph hy Soil Conservation Service.) 


affected a considerable number of orchards, vineyards, and diversified 
farming areas in the four southern counties (Mendocino, Lake, Sonoma, 
and Napa). Vineyards are especially in need of erosion control. General 


PACIFIC SOUTHWEST REGION 


855 


practice has been clean cultivation, both across and down the slopes. 
This has resulted in loss of soil and depletion of organic matter, together 
with markedly reduced yields (Fig. 330). Conservation measures recently 
initiated in a number of vineyards in Mendocino and near-by counties, 
with emphasis on contour cultivation and contour planting, are showing 
promising results. Annual cover crops with annual ditches or basin 
listing in orchards and, in some instances, in vineyards are necessary for 
best control. Large acreages of steeply sloping, clean-cultivated hill 
land, now farmed to various field crops, should be shifted either to 
improved pasture or to woodland. Where soil conditions are suitable, 
pasture furrowing retards runoff and improves the grass. Burning of 
range land should be stopped, and farm woodlands improved by planting 
and proper management. 

Work of the Soil Conservation Service CCC camp at Sebastopol has 
demonstrated the value of annual cover crops, augmented by annual 
ditches (Fig. 331), for control of washing in orchards. Here a luxuriant 
cover has been developed on lands that had been severely impoverished 
by erosion. 

Under the depleted conditions of much range and farm land, rapid 
runoff follows storms of cloudburst character; and destructive floods occur 
on the Eel, Russian, and other rivers. Application of conservation 
measures to the lands within these watersheds should retard a large 
part of this runoff and aid materially in reducing flood damage. 

Central Part 

The central part of the Coast Ranges and Lowlands area, including 
the densely settled district around San Francisco Bay and extending 
southward to encompass the important agricultural valleys of Santa 
Maria and Lompoc, in Santa Barbara County, is marked by a complex 
physiographic pattern of high mountain ranges, low hills, and intervening 
lowlands. 

The climate is of the Mediterranean type, with a somewhat narrower 
temperature range and lower rainfall than in the northern part of the 
problem area. Precipitation varies greatly, depending on location, the 
average annual rainfall ranging from about 10 to 55 inches. Winter is 
the season of highest precipitation, January being the wettest month. 
Heaviest rainfall occurs over the higher mountains north and south of 
San Francisco and on the coastal slopes of the centrally located Santa 
Lucia Mountains. These highlands generally support relatively dense 
stands of redwood and other forest growth and are becoming Important 
recreational areas. The lower rainfall of valley and plain is evidenced by a 
native cover of grasses and live oak, whereas chaparral is the characteris- 
tic vegetation in the even drier localities to the south. 
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Under the stimulus of important local markets, most of the valley 
lands and many of the steeper slopes have been brought under cultiva- 
tion, Owing to the limited precipitation in localities of arable land, irri- 
gation is generally necessary for all but winter-grown crops. Where 
water is available, a wide variety of deciduous fruits, nuts, and field 
crops is produced. Lands without water for irrigation are usually dry- 
farmed to small grains or utilized for grazing, principally for beef cattle. 
Fairly extensive areas are also used for grapes and deciduous fruits under 
dry-farming conditions. In the southern part of this central sector, 
favored by nearly frostfree winters, garden peas are a common winter- 
grown crop, whereas dried beans are an important summer crop. 

Of the more than 9,000,000 acres in this central subarea of the Coast 
Ranges and Lowlands country, some 5,500,000 acres (58 per cent) are in 
farms. Of this, nearly 1,700,000 acres (18 per cent of the total) are classed 
as cropland. The 25,000 farms average 220 acres in size, including about 
70 acres of cropland. This is the third most important of the major 
problem areas of the Pacific Southwest. Total value of all farm land and 
buildings exceeds $400,000,000; the average farm valuation is nearly 
$16,500, or about $75 an acre. 

Most of the land is privately owned, public land being largely re- 
stricted to the relatively small acreages in national forest and in state 
and national parks. Specialty farms predominate, although considerable 
diversification and even extensive operations are prevalent in some sec- 
tions. Napa, Sonoma, and other northern valleys include important 
vineyards, orchards, and poultry farms; Ignacio and San Ramon Valleys 
specialize in walnuts and vegetables; Livermore Valley produces prin- 
cipally grain hay and livestock; Santa Clara Valley, prunes and apricots; 
Pajaro Valley, apples and vegetables; lower Salinas Valley, lettuce, other 
truck crops, and sugar beets; and central and upper Salinas Valley, 
livestock, hay, pink beans, and almonds. Santa Maria and Lompoc 
Valleys are largely devoted to the production of truck crops, sugar beets, 
dried beans, and flower and vegetable seed. Most of the seed used for 
planting mustard as a cover crop in California orchards are grown in 
Lompoc Valley, in rotation with small grain. 

The principal soils are those of the Yolo, Botella, Rincon, Los Osos, 
Cayucos, and Arnold groups. Because of their good water-holding capac- 
ity, the Cayucos and Los Osos are only moderately susceptible to erosion. 
In spite of this, however, considerable damage by erosion has resulted 
from overgrazing and improper farming practices. In marked contrast, 
the soils of the less extensive Arnold series are highly susceptible to 
erosion. Some spectacular examples of sheet and gully washing are found 
on this shallow, sandy soil (Fig. 332), Most of the severe erosion of the 
Arroyo Grande vicinity has occurred during the past 10 to 20 years, or 
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since the beginning of large-scale use of this highly erodible land for 
winter peas. 

Most range land is overgrazed, and little is being done to retard the 
resultant erosion. Many farms are inadequately covered with vegetation 
during the rainy season, and no provision is made for removing excess 
rainfall without damage to the land. Ranges are generally in need of 
grazing management to maintain a proper ground cover, involving 
adjustment to carrying capacity, contour furrowing where soil type 
permits, development of water holes, and installation of check dams. The 



Fig. 332. — Continuance of improper land use takes its toll. This abandoned field and 
farm house are all that remain of a once productive farm near Arroyo Grande, California. 
{Photograph by Soil Conservation Service.) 


upland areas are devoted principally to livestock production; and to 
achieve maximum returns over a period of years, it is necessary that 
land-use programs for crop production be closely integrated with those 
for the range. The natural forage of highest value is composed predomi- 
nantly of annual plants. This is a circumstance that necessitates an even 
more carefully planned grazing program than in the case of a perennial 
cover. In order to relieve the range during periods when native forage is 
not available in satisfactory amount and quality, a supplementary 
supply of forage must be produced. This can be accomplished by devotin 
those parts of the cultivated area better suited for pasture and forag 
crops to the production of feed. 

The erosion problem cannot be wholly solved by protection of ran'i^ 
land alone. Adjoining cultivated Ilind will require the use of such measures 
as cover crops, strip cropping, contour furrowing, tree planting, andi! 
mechanical structures in order to provide defense for the varying types 
of land used for various crops. 
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Cover crops in deciduous orchards serve two purposes. They provide 
protection during heavy rains and add organic matter to the soil. Basin 
listing and annual furrows add to the effectiveness of cover crops in 
checking erosion and promote infiltration (Fig. 333). In many instances, 
this increased moisture supply more than meets the need of the cover 
crop. In addition to the need for annual and, under some conditions, 
permanent cover in orchards and vineyards, crop rotations are helpful 
aids in controlling erosion on these lands. Rotations may include cereals, 
legumes, and grasses, such as will provide supplemental feed and build 
up the supply of organic matter in the soil. 



Fig. 333. — Basin listing in a deciduous orchard near Watsonville, California, (photograph hy 

Soil Conservation Service,) 


The work of the Soil Conservation Service in this section has demon- 
strated: the basic importance of cover crops; the necessity of combining 
cultural and vegetative aids for conservation of rainfall; the feasibility 
and need of strip-crop rotations; the effectiveness of properly utilized 
crop residues or stubble; the necessity for control of surplus rainfall; the 
value of pasture furrowing; and the definite correlation of soil, slope, and 
erosion as determinants of proper land use. As a basis for determining 
correct procedure in adjusting grazing to carrying capacity, a range 
survey recently was completed in this section through cooperative action 
of the Soil Conservation Service, Forest Service, AAA, Farm Security 
Administration, California Agricultural Experiment Station, and Division 
of Grazing. (In this survey, effective integration of range survey and soil 
conservation survey techniques were coordinated.) 
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Southern Part 

Precipitous mountains and rolling to gently sloping intermountain 
valleys, with a cover of small trees and shrubs locally termed chaparral, 
characterize the southern part of the Coast Ranges and Lowlands area. 
The series of parallel transverse ranges, together with narrow intervening 
valleys, extends southeasterly from Point Conception to culminate in 
San Bernardino Peak (10,666 feet), near San Bernardino, Here they join 
the north-south Peninsular Ranges which extend beyond the Mexican 
boundary. The altitude of San Jacinto Peak, in this group, is 10,805 feet. 
The elevated peaks and higher crests of San Gabriel, San Bernardino, 
and San Jacinto Mountains support little or no vegetation and are char- 
acterized by bare, rocky slopes. The more arid exposures, chiefly those 
facing the Sonoran Area, have a partial cover of sage and other desert 
shrubs. 

Drainage of the mountains is along steep-gradient tributaries of such 
major streams as the Santa Ynez, Santa Clara, Los Angeles, San Gabriel, 
and Santa Ana Rivers and numerous shorter streams. All these are subject 
to heavy flood flows of short duration. They have built up relatively steep 
fans at the points of emergence from their mountain canyons. 

The major portion of the area lies within the boundaries of the Los 
Padres, Angeles, San Bernardino, and Cleveland national forests. Al- 
though grazing and recreation are important activities, the maximum 
benefits to society arise from the value of the mountains for irrigation 
and domestic water supply. 

The Santa Ynez Mountains to the north comprise sedimentary forma- 
tions that give rise to the Altamont and Diablo series, whereas the San 
Gabriel, San Bernardino, and other mountains to the south are pre- 
dominantly characterized by granitic and metamorphic rocks from 
which the soils of the Vista, Fallbrook, and Holland groups have been 
derived. 

Agriculture is of secondary importance. Of the total of 7,775,000 acres, 
only 1,^51,500 are classified as land in farms ^ and ^3^,500 acres as cropland. 
Agricultural operations are confined principally to scattered farming in 
the intermountain valleys, such as Santa Ynez to the north and the broad 
valley and hill belt crossing central San Diego and Riverside Counties. 
Most of the cultivated land is dry-farmed to grain. Cattle and sheep are 
grazed on the stubble of harvested fields and over the extensive areas of 
open woodland range. Alfalfa and other irrigated crops are grown in a 
few favorable situations where water is available. 

Hot, dry summers and cool, wet winters characterize the southern 
coast range area. The average annual precipitation is ^0 inches; most of 
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it occurs as rain during the five-month period from November to May. 
Snowfall is confined to the higher mountains. 

The destructive flood of March, 1938, was preceded by two storms, 
the first on Feb. 27 to Mar. 1; the second, and more intense, storm on 
Mar. 1 to 3. Although rainfall in the valleys was comparatively light, 
20 inches or more fell in the mountains during the five-day period — as 
much as 35 inches in places. Typical intensities measured instrumentally 



Fig. 334.— a typical barranca cuts its way through valuable farm lands in Las Posas 
Valley. California. {Photograph by Soil Conservation Service.) 


on Mar. 2, at Opid’s Camp (elevation 4,380 feet) in the San Gabriel 
Mountains and at Lake Arrowhead (elevation 5,000 feet) in the San 
Bernardino Mountains were: 

1.25 inches in 30 minutes. 

2,00 inches in 1 hour. 

10.89 inches in 8 hours. 

15.06 inches in 24 hours. 

Forest fires have been the greatest hazard to watershed efficiency in 
this locality. The chaparral cover is highly inflammable, and the long, 
dry summers greatly increase the danger of ignition. Experience has 
shown repeatedly that burns in this area are followed by severe erosion, 
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heavy mnofif, and disastrous floods. Moreover, it is difficult to bring back 
an efficient cover once an area has burned over. 

Erosion is also a serious problem on cultivated valley land, especially 
in the southern portion of the area. Highly erodible soils, cultivation of 
excessively steep slopes, and improper land-use and cultural practices 
are all responsible causes. In many instances, deep, broad gullies (bar- 
rancas) are cutting headward into adjacent slopes and tending to destroy 
an existing equilibrium (Pig. 384). 

In this southern area, protection from floods, maintenance of ground- 
water supplies, and permanent agriculture are dependent on soil and 
water conservation. On the basis of direct effects, land values and returns 
in many instances will not justify the costs necessary for control. How- 
ever, where the benefits from the application of such measures effect a 
reduction of flood damage and debris deposition on the more valuable, 
lower lying areas, the work will be justified, and costs should be appor- 
tioned accordingly. It is only through such a coordinated plan and proper 
distribution of costs that a completely efficient program of soil and 
water conservation can be put into effect in southern California. And 
the cost frequently will be high, especially in those localities where large 
detention reservoirs are required. Moreover, the life of some reservoirs 
is likely to be comparatively short because of the difficulty of controlling 
outwash of debris — ^soil, gravel, and boulders. Poliowing fires that 
destroy supporting vegetation, the slightest disturbance of the surface 
will, in some localities, set in motion avalanches of rock and soil which 
frequently travel to the foot of slopes, where the next flood moves the 
accumulated material rapidly downstream. 

Sonoran Area 

Comprising some 33,000,000 acres in southern Nevada and south- 
eastern California, the Sonoran area is characterized by extreme aridity; 
high temperatures; sparse vegetation; and a series of parallel rocky 
ridges, low mountains, and broad intervening plains. In its northern 
and central portions, the general elevation is about 1,500 feet above sea 
level, although some of the mountain crests rise to 10,000 feet, and two 
major depressions (Death Valley and Salton Sink) drop to nearly 300 
feet below sea level. The southern part is of lower elevation and, although 
similarly crossed by ridges and low mountains, presents a more rounded 
and milder relief. Annual precipitation seldom reaches 10 and in most 
places is less than 5 inches. The rains are extremely variable; a storm of 
high intensity may occur at any time, or it may be localized or general. 
Yucca (P. hrevifolia) , creosote bush, atriplex, bunch grass, and various 
short-lived herbs constitute the characteristic growth (Pig. 335) . 
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Tlie mountains are extremely rocky, with very little vegetation. The 
usual scanty growth offers little protection to the land. Much of the area 
is covered by ‘'desert pavement”; sand dunes are common, and bare 
alkali spots occur in many places. Most of the palatable vegetation occurs 
in occasional waterways. 

Among the extensive soils are those of the reddish Mohave series. In 
the northern part gray soils of the Daggett series predominate. 

Farming is limited to a few areas in the northern part, where water is 
available for irrigation. Small areas watered by springs and artesian 



I'm. 335. — Typical vegetation and general relief characterizing mnch of the Sonoran area, 
California. {Photogra'ph hy Soil Conservation Service.) 


wells are farmed in a few localities. The greater part of the irrigated land 
is devoted to the production of forage, chiefly alfalfa, part of which is 
consumed locally and part shipped to dairies in the vicinity of Los 
Angeles. Although the ranges are dry and of low carrying capacity, they 
are utilized for grazing by both cattle and sheep whenever growth condi- 
tions permit. 

Erosion in the northern section is almost wholly confined to range 
land. As vegetation is depleted in dry washes, erosion is accelerated by 
flood flows. In this way, a cycle of erosion is started which extends out 
from the main washes. Despite the limited rainfall, erosion is a serious 
problem in the southern part of the area. Desert torrents, resulting from 
rains of cloudburst type, constitute a definite hazard to structures as 
well as to soil. High winds from the West and Northwest during spring 
and summer cause considerable blowing of sandy land. Small hummocks 
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and dunes move across fields regardless of individual efforts to check 
them. 

The southern part of the area, comprising the Imperial and Coachella 
Valleys, has a growing season that permits production of a wide range 
of crops. Vegetables, alfalfa, and cotton are important crops. The most 
extensive plantings of dates in the United States are found in the 
Coachella Valley. 

Southern California Coastal Plain Area 

In a broad curve from Point Conception to the Mexican boundary, 
the coastal mountains swing inland some 60 miles. Between these high- 


ly 



chaparral-covered slope: no erosion on latter; destructive washing (by a single rain) on the 
former. Southern California. {Photograph by Soil Conservation Service.) 


lands and the ocean is a crescent area of marine terraces, coastal plains, 
narrow valleys, and low hills, constituting the Southern California 
Coastal Plain area. Much of the lower land once supported a native 
cover of live oak and grass, with interspersed desert vegetation on the 
more sandy soils. Intermediate elevations and lower mountain slopes are 
covered with chaparral. The mild climate has favored the development 
of an intensive agriculture. With a rainfall of 10 to ^0 inches, irrigation 
is necessary for the more important crops. 
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The marine-terrace soils are characterized by friable sandy soils 
underlain at depths ranging from about 8 to 18 inches by intractable, 
heavy clay, impervious and resistant to penetration by water or plant 
roots. The surface soil is separated from the subsoil generally by a light- 
gray porous layer about 2 to 4 inches thick. The upper subsoil has a 
definite columnar structure, with grayish ‘'biscuit tops’’ typical of 
solonetz soils. Erosion is very severe on land of this kind, since heavy rains 
quickly saturate the surface soil, especially where shallow, causing rapid 
runoff. Although the Vista soils are only moderately susceptible to erosion 
on gentle slopes, many steep areas wash severely where cultivated with- 
out protection. The major erosion problem is on land left fallow during 



Pig. 339. — Basin listing and annual cover crop in a young, dry-farmed deciduous 
orchard at Cucamonga, California. Increased moisture stored in this manner more than 
compensated for that used by the cover crop. (Photograph hy Soil Conservation Service,) 


the rainy season. Much of the grain, hay, and bean land has suffered so 
seriously that it can be farmed for only a short time longer, without pro- 
tection. In many localities, deposits of eroded material from this land 
constitute a serious menace to lower, more valuable lands. 

An adequate cover of vegetation is the most important general need 
for soil conservation. Vegetation incorporated with the soil promotes 
moisture penetration and sufl&cient root development to help hold the 
soil in place (Fig. 386), Basin listing, combined with winter cover crops, 
is an important measure for control of erosion. Water conservation is 
necessary to establish proper vegetative protection. 

The intensively developed agricultural areas on the lower portions of 
alluvial fans need protection chiefly from floods and deposition of out- 
wash material. Debris basins (Fig. 337), dams, and stabilizing vegetation 
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in the upper parts of the drainages; and provision for adequate down- 
stream channels with freedom from constrictions are the most important 
measures for flood control. 

Annual cover crops have proved very effective in citrus and other 
irrigated orchards. Permanent cover crops provide excellent protection, 
although they require more water and fertilizer than an annual cover. 
These requirements may possibly be reduced considerably by mowing. A 
permanent cover crop eliminates the need for cultivation, with its cost 
and attendant disadvantages, such as root pruning, breaking of branches, 
and baring the soil. Bench terracing, where the soil is suitable, has proved 



Fig. 340. — ^Erosion typical of that occurring on the steep slopes used for lima beans in the 
Las Posas project. California. {Photograph hy Soil Conservation Service.) 


particularly adapted to citrus and avocado trees grown on steep slopes. 
These terraces consist of a comparatively fiat top, or ‘"tread,"" with a steep 
outer side, or “riser” (Fig. 338). The trees are planted at the outer side 
of the “step,"" or bench, and the relatively flat area between the row of 
trees and the toe of the next terrace above is furrowed to apply irrigation 
water. A cover crop is usually grown on this narrow strip. On the steep 
riser, a permanent cover of either annual or perennial vegetation is used 
for protection. 

These terraces may be constructed with a grader or terracer before 
the trees are planted; or the trees may be planted in “grade-contour"" 
rows across the slope, and the bench terraces built up by cultivation in a 
few years. 
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In the work on the soil and water conservation demonstrations of the 
Soil Conservation Service, attention has been devoted largely to orchard 
problems. The various methods referred to above have been applied 
effectively in a number of localities, on typical types of land. 

On dry-farmed orchards and on cropland, basin listing, as a moisture- 
conserving measure, has been employed successfully (Fig. 339). In 
irrigated orchards, basin listing should not penetrate to a depth greater 
than other farm tools because of danger of pruning shallow roots. Listing 
may have some disadvantages where it is necessary to spray and where 
smudging is carried on. At Las Posas, definite results show the necessity 
of a change in land use in the case of the steeper cultivated fields. These 
areas (representative of much of the land used for lima beans) have been 
subjected to an extreme type of clean cultivation, and rapid loss of soil 
has resulted (Fig. 340). Many of the fields have lost all the topsoil within 
a period of 20 years. Now these steep, eroded areas are valuable only for 
grass and trees. With productive topsoil stripped off, yields are too 
meager for crop use. Aside from this, gullying usually begins on these 
lands at this stage of erosion. 





Chapter XL. Early Efforts toward 
Erosion Control 

Work in New England 

At the time the Eastern seaboard of America was being settled, Old 
World farmers, confronted with a scarcity of land, were changing from a 
system of extensive to one of intensive agriculture. The work of Jethro 
Tull, in the eighteenth century, bore fruit, and European farmers turned 
from the old system of noncultivation to the new horse-hoe husbandry. 
The old fallow system of resting the land began to give way to crop 
rotations. By the end of the eighteenth century, agriculture in England 
had made great progress. But in the American colonies were found, as one 
traveler said, ‘‘the worst slovens in Christendom^’ whose only object 
was “to wear out one piece of land in order to plow up another.” 

When the Colonials settled in New England, they found a primitive 
system of agriculture. The only conservation measure used was planting 
a fish in a hill of corn to fertilize the soil. Captain John Smith reported 
that this practice was adopted to some extent by the colonists in New 
England but not in Virginia. 

The colonists grew corn, wheat, and tobacco on the virgin land until 
it was so depleted it would produce no longer. Then they moved to a 
new piece of ground. This continued as a common practice until after the 
Revolution, a period of almost 150 years. (Even today, some operators 
continue the practice.) By 1763 a strip almost 100 miles wide had been 
cleared along the tidewater. 

Danckaerts^ reports that in Maryland in 1679 one piece of ground had 
been cropped for 30 successive years and still retained its fertility; but by 
1700 land around Boston and New York was reported to be worn out; 
and by 1750 areas in Maryland, Virginia, Connecticut, and near Phila- 
delphia had been “cropped to death.” By the beginning of the eighteenth 
century wheat production was largely eliminated from eastern Massa- 
chusetts; and in New York it had been pushed gradually farther and 
farther west as the land was reduced in productivity. 

^ Danckaerts, Jasper, and Sluyter, Peter. Journal of a Voyage to New York, 1679-1680, 
Long Island Hist. Soc. Mem., Vol. 1, p. 133. 
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No thought was given to maintaining the humus content of the soil; 
rotations were unknown; and the only meadows were natural ones. Labor 
and capital were scarce, and land was plentiful. It was less expensive, as 
Thomas Jefferson said, to clear a new piece of ground than to fertilize 
an old field. The wooden plows only scratched the surface; the rows were 
run up and down the hills, leaving the loose topsoil an easy prey to heavy 
rains. As time went on, the soil lost its humus, gullies appeared, and sel- 
dom was effort made to stop them. Most of the stock ran in the woods on 
the open range, and their manure was lost. That retained in the barns 
was not used; frequently farmers moved their barns so that they would 
not have to contend with the manure. 

The natural grasses in the farming areas were soon eaten by the 
rapidly multiplying stock; the timber was cleared out, deadened, or 
burned; and in some areas, at a relatively early date, cattle were dying of 
starvation, and the people of some localities suffering for lack of fuel. 
English grasses, although introduced in the seventeenth century, were 
not used to any great extent. The grass seeds that were sowed came 
mostly from the sweepings of haymows and so were mixed with weed 
seed or were poor in quality. 

The recurring floods probably were increased by the continued 
clearing of the land and by the shallow plowing which increased runoff. 
William Byrd reported a violent flood in Virginia in 1685, and John Bart- 
ram attributed an increase in both floods and erosion to the clearing of 
the land. John Bartram said: 

“ , , . above ^0 years past when y® woods was not pastured & full of high weeds 
& y® ground light then y® rain sunk much more into y® earth and did not wash & tear 
up y® surface (as now) . y® rivers and brooks in floods would be black with mud but 
now y® rain runs most of it off on y® surface is colected into y® hollows which it 
wears to y® sand & clay which it bears away with y® swift current down to brooks 
& rivers whose banks it over flows. ... 

The gullies began to assume the aspect of “yawning caverns,” which 
afforded “not little inconvenience.”^ 

Agriculture reached its lowest ebb in the first half of the eighteenth 
century. Farmers emigrated by the thousands, but many were deterred 
from going because of lack of roads and markets and fear of hostile 
Indians. By the middle of the century, certain signs of improvement 
appeared. Here and there, a farmer reported that he had shortened the 
fallow period or had substituted clover for bare fallow. Clover was grown 
in Maryland in 1635 and in New England in 1670 and was reported 

^Bartram, John. Letter to Jared Eliot, in “Essays upon Field Husbandry in New 
England and Other Papers, 1748-1762,” by Jared Eliot, p. 204. New York, 1934. 

2 Deane, Samuel. “New England Farmer.” Worcester, Mass. 1790. 



870 


SOIL CONSERVATION 


aroimd New York and Boston in 1700. Timothy was known in New 
Hampshire in 17^0; and Peter Kalm, the Swedish botanist and traveler, 
reported that he saw a number of clover fields in 1749. 

The German settlers (100,000 were in Pennsylvania by the time of the 
Revolution), compared to the English colonists, were excellent farmers. 
At an early period, they grew clover and occasionally used it to improve 
the land. They turned under buckwheat for green manure, saved the 
dung from their stock, and transported rich mud from ditches and 
creeks to spread on the worn hillsides. A system of contour ditching was 
used by which excess rainfall was led downhill, in some instances for 
more than a mile.^ 

Substitution of rotations for the fallow system developed slowly. 
About 1750, the planting of clover became more common as a means of 
‘"resting” the land following one of the more soil-exhausting crops. After 
the Revolution, the practice of sowing clover or some kind of grass in the 
fields that were to be pastured became more general in the Middle 
Atlantic and New England States. The fallow system, however, was 
practiced widely throughout most of the eighteenth century, but the 
fallow period was shortened somewhat, and in many areas clover spread 
naturally. 

A few men read works on modern agriculture and horse-hoeing 
husbandry by Tull and others, familiarized themselves with the changing 
European practices, and conducted experiments with clover and grasses 
to improve the soil. The most important member of this early group of 
conservationists was Jared Eliot, a minister and physician of Killings- 
worth, Conn., who contributed the first book on American agriculture. 
His first essay on husbandry was published in 1747 and was followed by 
six others. Many of the practices that he advocated are regarded as 
sound today. 

At the time Eliot was writing, soil depletion had become a menace in 
Connecticut. He noted the constant emigration to the West because of 
worn-out land and deprecated the system that caused it. The fallow 
system, whereby the land was made a ‘"sheep’s walk” for 10 or 15 years, 
was criticized severely. The systematic wearing out of the land, Eliot 
felt, was equivalent to spending more than one earned. The new horse- 
hoeing husbandry introduced by Tull was recommended highly, provided 
plenty of dung was used. This was based on Eliot’s own experience with 
a horse hoe that he had imported from England. 

The keynote of Eliot’s agricultural teachings was the use of red 
clover, which gave the farmer a hay crop and at the same time built up 
the land. One of his favorite rotations was: turnips, barley or oats with 

^ Kalm, Peter. “Travels in North America, 1748'-! 750.” Vol. I, p. 162. New York. 1937. 
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clover, clover, and wheat. In general, he recommended clover for two 
successive years. 

It was observed that some of the land was so poor that it would pro- 
duce turnips no larger than buttons. To enrich it, Eliot suggested manure 
and clover. He also encouraged the building of more fences so that the 
manure could be saved and the neighbors’ stock prevented from tram- 
pling and eating the provident farmers’ pastures. Not only was dung 
recommended, but many other kinds of fertilizer, such as ashes, peat, 
limestone, creek mud, shells, clay, and other materials. He built a long 
pen in which he mixed soil, dung, and various farm wastes. 

Eliot invented a drill that woiold open a furrow, plant seed, and drop 
manure in a single operation. In designing it, he obtained the aid of 
President Clap of Harvard and a village blacksmith. The drill was sent 
to William Logan of Philadelphia to test. It is possible that Eliot was 
influenced by Logan’s experiments with rotations. Logan’s rotation, 
which had some followers in Virginia and Maryland, covered a period of 
9 years and included corn, potatoes, flax, wheat, wheat, winter barley, 
buckwheat with clover and timothy, and two crops of clover. 

Eliot was also an advocate of deep plowing. He relates in one of his 
essays that an old farmer in East Jersey told him “about 10 years ago” 
about the benefits of deep plowing. Green manuring also was practiced 
by Eliot. Although he preferred miUet, he also used buckwheat, oats, 
and rye. 

It is doubtful if Eliot had much influence outside a very small circle, 
because farmers of his time did not read. Significant, however, is the 
fact that his “Essays on Field Husbandry” was more widely circulated 
than he had anticipated. Benjamin Franklin, a gentleman of “refinement 
and learning,” ordered 50 copies, and there is some evidence that they 
were rather widely read. In a letter to Eliot in 1749, Franklin remarked^: 

“I perused your two Essays on Field Husbandry, and think the public may 
be much benefited by them; but, if the farmers in your neighborhood are as 
unwilling to leave the beaten road of their ancestors as they are near me, it 
will be difficult to persuade them to attempt any improvement.” 

Franklin had purchased a 800-acre farm and conducted experiments 
with clover and other grasses, no doubt using some of Eliot’s ideas. He 
was more impressed, however, with plaster than with any other soil 
improver. He decorated one of his fields with it so as to form the words 
“This field is plastered.” The following year, it was reported that the 
outline of the words he had written on his hillside in this manner was 
rich green, whereas the surrounding vegetation was of a lighter shade. 

^ Eliot, Jared. ‘‘Essays upon Field Husbandry in New England and Other Papers, 
1748-1762,” pp. 223-224. New York. 1934. 
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Franklin, like Eliot, advocated deep plowing, as is indicated by the 
following extract from '"Poor Eichard’s Almanac”^: 

^‘Plow deep while sluggards sleep 
And you shall have corn to sell and to keep.” 

Eliot also corresponded a great deal with John Bartram, the Penn- 
sylvania naturalist and farmer. The former used clover extensively, as 
well as creek mud, to enrich his hillsides but allowed his fields to stay in 
clover for 3 years at a time. 

One of the most outstanding conservationists of the following genera- 
tion was Samuel Deane. Like Eliot, he was a minister, but he also found 
time to familiarize himself with almost all of the authorities on agriculture, 
including those of ancient Rome. His little book "The New England 
Farmer,” published in 1790, contained references to the best agricultural 
practices known to the world at that time. 

Deane himself was a practical farmer and was disgusted by slovenly 
methods of farming. He felt that the best farmers were those with the 
fewest acres; that the plenitude of land was the curse of American 
agriculture. 

Deane was not so confident of the value of clover as was Eliot; but 
though he doubted that it was better than other "grasses,” it is significant 
that he recommended it in all his rotations. He suggested that fallow with 
deep plowing was as good as anything to renovate worn-out lands but 
admitted that Europeans had found that land could be improved while 
producing crops. Because of soil and climatic differences, he showed some 
of the same skepticism toward adopting European rotations in the 
United States. On the basis of the limited experience of the Colonials, 
he made certain tentative suggestions concerning rotations. 

Fall plowing and deep plowing were highly recommended; even 
trench plowing was suggested for some soils. This was a practice in which 
the plow was run in the furrow to turn up additional soil — -a type of sub- 
soiling. One of the handicaps to deep plowing was the clumsy plow with 
its wooden moldboard. Deane suggested several improvements to reduce 
friction, among them an iron moldboard which would turn the gromid 
more smoothly and with less effort. He advised against plowing up and 
down the hill, suggesting that it be done in only one direction across slopes, 
so as not to form a water furrow. An alternative practice which he called 
ribbing consisted of running furrows horizontally across the hill to catch 
rains and prevent washing and gullying of the hillsides. On tilled land, 
he said the furrows should be 3 feet apart; and on pasture land, about 9 
or 10 feet. 

^ Franklin, B. “Proverbs from the Almanac of One Richard Saunders,” p. 6. New York. 
1908. 
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Probably the reason that Deane emphasized fall plowing was that 
he believed in building up the soil with green manures, such as barley, 
buckwheat, rye, peas, or oats. Other fertilizers were recommended, 
including dung, ashes, plaster, creek weed, leaves, stalks, trash, and 
waste of all kinds. In order that none of the liquid or solid manure 
should be washed away should the barnyard be located on a declivity, 
it was often advisable, he said, to mix clay with dung for sandy soils and 
sand with dung for clayey soils. Dung was the common denominator for 
the several composts and mixtures that Deane recommended. Rich 
mud which had been washed from the hills into the ditches and creeks 
was to be mixed with manure and restored to its former resting place. 
The banks of the ditches were to be planted in a grass with strong roots 
to prevent their caving and filling up. 

The wasteful practices of the early agriculturists had denuded many 
of the hills of timber. In a few areas, this caused ''sand floods’’ which 
piled against the fences and hedges. The drifting of sand near the coast 
had also long been a source of annoyance to the settlers. The town of 
Truro, Mass., incorporated in 1700, had suffered so much from sand 
drifting by 1739 that a law was passed prohibiting the grazing of stock in 
certain areas because^: "The sand was being driven, in storms and high 
winds, from the beach upon the meadows ... a great part of the 
meadowland was already buried and useless for grass . . . the whole 
was likely to be covered with sand if the drifting were not prevented. ...” 

The same year a similar act was passed to protect the meadows of 
Plum Island in Ipswich Bay. Other acts were passed at intervals through- 
out the eighteenth century for the same purpose. In Provincetown, Mass., 
the drifting became so bad that the town was almost depopulated. Sand 
storms had been noticed in other colonies as well. Bartram had observed 
them on the coast of North and South Carolina. They were referred to 
in a geography of Maryland and Delaware published in 1807 as if they 
were a familiar occurrence. "It is not uncommon, in great droughts, 
when high winds arise, to see the sand raised from the fields . . . thirty 
or forty feet high, and carried a considerable distance. If corn fields be 
situated near the dwellings of planters, the drifting sand, in dry weather, 
and in high winds, enters every door and crevice, in like manner as 
drifting snow.”^ 

For these blow areas, or "bald” spots, Deane recommended locust 
trees, noting that the falling leaves eventually would enrich the ground, 
forming a mold so that it would be capable of supporting vegetation and 

1 Kinney, J. P. Forest Legislation in America Prior to March 4, 1789, Cornell, N. Y., 
Agr. Exper. Sta. Bull. 370, pp. 358-405, 1916. 

2 Scott, J. “Geographical Description of the States of Maryland and Delaware,” pp. 

23. Philadelphia. 1807. 
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that the sand storms would cease. Although the small group of scientific 
and professional men read Deane, he had little influence on the mass 
of farmers. 


Work in the South before 1860 

The system of Colonial American agriculture in the North was bad, 
but that in the South, particularly Virginia and Maryland, was worse. 
The agriculture of New England sank to its lowest level before the Revolu- 
tion, but that of Virginia and Maryland had depreciated even more by 
the end of the eighteenth century. Tobacco for a long time had been the 
great staple crop. It was customary to grow it until the land was exhausted 
and then clear a new field. In this manner, tobacco culture spread through 
the tidewater section during the 150 years preceding 1789.^ The Revolu- 
tion had closed to the Colonials the tobacco market of the West Indies, 
and James Madison declared that after 1776 the Americans were greater 
slaves to the English than ever before. To some extent, wheat was 
substituted for this crop; but wheat was a land impoverisher, also. 
Considerable corn was produced, particularly on the land not rich enough 
for tobacco. Tobacco usually was grown in small patches, and the fields 
were manured or fertilized to some extent. But the corn and wheat fields 
covering larger areas were, as a rule, not fertilized. 

Planters blamed their agricultural ailments on the lack of a market or 
the tariffs levied by the rising commercial class, which was beginning to 
dominate the Federal Government. In this they were partially justified; 
lack of transportation facilities and the various embargoes imposed during 
the Napoleonic period were important factors in the agricultural decline. 

Thomas Moore of Maryland observed that erosion started the second 
year of cultivation and that it was caused by the system of shallow 
plowing, which was not over 4 inches deep. Land sterility was attributed 
not so much to soil exhaustion as the actual removal of the soil itself. 
‘ His remedy was deep plowing, supplemented by manure and proper 
rotation of crops. 

Another writer paints a vivid picture of the severe effects of erosion 
in Virginia in 1799^: ‘"At that time the whole face of the country pre- 
sented a scene of desolation that baflEes description — ^farm after farm had 
been worn out, and washed and gullied, so that scarcely an acre could be 
found in a place fit for cultivation.’’ 

This writer goes on to say that the cause was a most horrible system of 
land butchery. The rows were run up and down the hill; the land was 

^ HalJ, A. R. Early Erosion-control Practices in Virginia, U. S. Dept. Agr. Misc. Pub. 
256, 1937. 

2 Craven, J. H. System of Farming, Am. Farmer^ VoL 15, p, 130, 1833. 
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scratcLed instead of plowed; and nothing was thought of rotations or soil 
improvement of any kind. This situation was general throughout most 
of the farming sections of Virginia and Maryland. 

In some areas, agricultural improvement had begun by this time. 
This was due, in the first place, to improved market conditions, which 
made wheat growing profitable. Secondly, a remarkable group of public- 
spirited men lived in this section. Many of them were prominent 
nationally and internationally and had made great contributions in other 
than agricultural fields. Among these were Washington, Jefferson, 
Thomas Mann Randolph, and Madison. 




Fig. 341. — The Randolph hillside plow of the type used on Thomas Jefferson’s farm in 
the Virginia Piedmont, near Charlottesville. Inserts show moldboard (left) and share 
(right). 


Washington, as a farmer, had long studied the problem of erosion. He 
had experimented as early as 1769 to determine if ridging or level plowing 
reduced erosion, had filled gullies on his farm with trash and brush, had 
tested the effectiveness of rotations, and had attempted to improve his 
land in various ways. Finding tobacco hard on the land, he determined to 
grow only what he needed. It is doubtful if many of Washington’s ideas 
were put into practice before 1800. Like Jefferson, he failed to stem the 
tide of agricultural depression and could not, in the end, make his farm 
a paying proposition. 

James Madison also analyzed the reasons for agricultural decay. He 
felt that the system of plowing employed in Virginia tended to press the 
soil down and make it more compact. Air was a good manure; therefore, 
the ground should be stirred often and should be left in ridges so more of it 
would be exposed to beneficial aeration. Since the destructive practice of 
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plowing up and down the hills caused gullying, Madison advocated deep 
plowing on the contour as a remedy. 

In the tidewater section there was a severe shortage of timber and fuel 
in Madison’s time because the trees had been destroyed. Grass was 
insufficient to feed the cattle for more than two or three months during 
the year, and overgrazing of the natural pastures increased erosion. As a 
remedy, Madison suggested the planting of trees and the seeding of 
enclosed pastures in clover and timothy. He advocated the feeding of as 
much grass as possible so that the supply of manure would be increased. 

More important and more influential than Madison was Thomas 
Mann Randolph, a distant relative and son-in-law of Thomas Jefferson. 



Fig. 34*^^. — Erosion on land that was once farmed by Thomas Jefferson near Charlottesville, 
Virginia. (Photograph by Soil Conservation Service.) 


It is probable that some of the soil-conservation measures used by 
Randolph were Jefferson’s ideas, and vice versa. 

Randolph invented a hillside plow (Fig. 341) in 1808 and did much to 
poptilarize horizontal plowing. Horizontal plowing was not new in Virginia 
and had been practiced in some parts of Pennsylvania for many years. 
The principal feature of Randolph’s plow was a reversible moldboard 
which could be shifted at the end of every row so that the dirt would 
always be thrown one way. 

By 1810, Jefferson had become an ardent believer in horizontal plow- 
ing. He contended that it practically eliminated erosion and that little 
water ran off his son-in-law’s fields, whereas those of his neighbors were 
washed and gullied by heavy rains. In laying off the furrows around the 
hill, the rafter level was used every 30 or 40 yards. The earth was thrown 
into beds 6 feet wide, with water furrows in between. These held the water 
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that collected on the fields or forced it to drain off slowly. Since 
Jefferson’s time, much of his land has suffered seriously from erosion 
(Fig. 34S). 

John Taylor of Caroline County, like Jefferson, was aroused over the 
increasing inroads of the commercial class on the rights of the farmers. 
He became an exponent of states’ rights to protect the landholders. 
Taylor regarded agriculture as the basis of the whole economic system 
and recognized the undermining effects of tobacco cultivation. The 
central idea in his book ‘"Arator” was the restoration of eroded soil by 
what he called enclosing. The system included the enclosure of all the 
arable land and a process of penning, bedding, or feeding, so that the 
maximum of manure, stalks, litter, and other matter could be turned 
under. He advocated contour plowing, deep plowing with four good 
horses, and turning under a coat of dry vegetable matter to create a 
cover drain which “vastly obstructs the formation of gullies in hilly 
land.” Clover as well as artificial fertilizers, such as gypsum, lime, and 
marl, were recommended for thin land. 

The work of these early soil builders had a salutary effect on Southern 
agriculture, and from 1790 to 1815 some improvement ensued. Abandoned 
farms were reclaimed and old eroded areas were planted in clover and 
treated to gypsum and manure. Fertilizers, though little used in the 
Carolinas, were widely used in Virginia and Maryland. These included 
marl, lime, plaster, marsh mud, ashes, fish, and almost every kind of 
vegetable matter, including oak leaves and pine needles. Green manuring 
also, was widely practiced in various parts of the country, and more care 
was taken of manures, especially dung. This was supplemented by the 
increasing use of crop rotations. 

Horizontal plowing became quite common. It was reported that 
“thousands of farmers practiced it in Virginia, though few had hillside 
plows.” The practice spread south to the Carolinas and west to the area 
near Natchez, Miss. 

In spite of the adoption of soil-saving measures by some farmers, poor 
farming prevailed throughout the South in 1815. Many made no attempt 
to control erosion, and others were discouraged by partial failures. The 
state of agriculture, however, did not sink to its former low plane. The 
increase in agricultural societies, the relatively widely distributed periodi- 
cals, and the premiums offered by voluntary groups for excellence 
in agricultural essays were all important factors in continued soil 
improvement. 

The old wooden plows were supplanted by iron plows; by cast-iron 
moldboards; and finally, in 1835, by steel moldboards, which gave the 
farmer, for the first time, a moldboard that would scour in clay soil. All 
the new plows were conducive to better and deeper plowing. In 1845, 
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Gideon Davis of Georgetown, D. C., made a subsoil plow. Subsoiling soon 
came to be generally recommended. 

Farmers were warned that they should run furrows not on the contour 
but across the hill at a gentle incline in order to carry the water off 
gradually ‘"and prevent the washing of the ploughed land into gullies.'* 

Trench plowing was practiced in the South as well as in Pennsylvania. 
Some suggested that this method of deep plowing was less laborious than 
the older way. Two plows were used, one following the other in the same 
furrow. 

In 1848, prizes for good farming were given by the American Farmer, a 
periodical published at Baltimore. Among the recipients was Colonel 
Nicholas M, Bosley. He had moved on to a gullied, washed, and worn-out 
farm in 1811, in the coastal plain section of Maryland, and in 1^ years 
had used 60,000 rails for fences and ^1,000 bushels of lime. He built 
up the farm by deep plowing and by using timothy and clover. 

To fill gullies, the Southern farmers used trash, rocks, logs, and dams 
of various kinds. An occasional operator plowed down the steep banks. 
In Maryland, a special plow designed for this purpose was used by one 
farmer, who also ran water furrows 1 to 3 yards apart around the contour 
of the contributing watershed. In Tennessee, locust trees and herd's grass 
were planted in the washes. Hedges of brush were used on the eastern 
shore of Maryland to prevent ditch banks and creeks from caving. They 
were extended into the shallow water and held down with stakes. 

Various methods of strip cropping were employed. This technique was 
not new, but it became more varied and better designed to prevent water 
erosion. In 18^4, mention is made of permanent rows of grass grown 
horizontally across hills. On steep hills the rows were 6 feet apart; on 
gentle slopes a wider space was left. Winter reed grass and meadow oats 
were used because the plants grew in winter and would not interfere with 
the tilled crop. 

In Maryland, crimson clover was used to prevent washing, since it 
did not have some of the objectionable qualities of the other clovers. 
Turnips, an integral part of the old English rotation, were grown and fed 
to sheep on the land. The many varieties of clover, long grown in the 
North, found their way into the Southern region, becoming a part of the 
various rotations adopted by some of the more progressive planters. 

Possibly the most important development after 1820 was the rapid 
increase in the use of fertilizers throughout the entire South. In December, 
1824, John Skinner, the editor of the American Farmer, introduced 
Peruvian guano into Maryland. This became very popular; and by 1850, 
the supply was not equal to the demand. 

The person most responsible for the use of lime or marl was Edmund 
Ruffin, a farmer of Prince George and Hanover Counties, Virginia. After 



EAKLY EFFORTS TOWARD EROSION CONTROL 879 


‘‘x\rator’’ was publislied in 1813, Ruffin put into practice the principles of 
Taylor but was later convinced that the system was a failure. About 1818 
he began experimenting, using marl containing fossil shells for fertilizer. 
This marl, found near his farm in large quantities, contained approxi- 
mately one-third carbonate of lime. A liberal application of this material, 
along with manure, increased his corn yield 40 per cent. He also grew 
clover, cowpeas, and other soil builders. Ruffin’s farm soon attracted 
attention and in 1832, when he became editor of the Farmers^ Register, his 
essay on ‘‘calcareous manure” was published. His later expansion of this 
treatise was said to be the most thorough piece of work of the nineteenth 
century on the subject. A great many farmers were persuaded to marl 
their eroded farms. Ruffin probably was read more widely and had a 
greater influence on agricultural practice than any other writer of the 
period. Craven says that this influence can hardly be overestimated in 
the history of agricultural improvement of the section^: “The stories of 
changes in Prince George County, Va. and other eastern counties in both 
states often read like fairy stories. Fields once galled and gullied were now 
growing rank with clover; lands once abandoned, now brought forth 
abundant yields of wheat and corn.” 

According to Craven, the lands in eastern Virginia increased in value 
by 23 million dollars. Although in North Carolina in 1828 little horizontal 
plowing, rotation, or deep plowing was practiced, and numerous old fields 
were cut by deep ravines, a great deal of improvement was noted between 
1845 and 1855. Ruffin’s system was given credit for the change, but other 
practices probably helped bring about this improvement. 

The hillside ditch was used widely throughout the South during the 
20 years preceding the Civil War. Hillside ditching was practiced in the 
southern Roanoke Valley by Humber ston Skip worth from 1815 to 1831. 
His ditches were 3 feet wide and 2 feet deep and were spaced from 20 to 
50 or 100 yards apart. Skipworth used ravines at the ends of the ditches 
to carry off the surplus water. In 1830, this method was improved on by 
James C. Bruce of Maryland. His hillside furrows were protected by an 
embankment thrown up with the plow and the hoe. This may have been 
the beginning of the American type of field terrace. The rafter method 
was a popular one for spacing and grading ditches and field terraces. 
Naturally, many variations characterized the design of hillside ditches. 
This was especially true in construction of the outlets. Redtop was sowed 
occasionally in the outlets, or the drains were paved with rock. The 
subject of hillside ditching occupied much space in Southern periodicals 
for a long time, and at least one book^ was devoted to it. 

1 Craven, A. O. “Soil Exhaustion as a Factor in the Agricultural History of Virginia and 
Maryland, 1606-1860,” p. 143. 1925. 

2 Sorsby, N. T. “Horizontal Plowing and Hillside Ditching.” Mobile, Ala. 1860. 
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The hillside ditch was unsatisfactory for several reasons. In numerous 
instances, the gradient was so steep that the ditches were gradually 
converted into gullies by channel erosion. 

Hillside ditching was not popular in Virginia after 1850, although it 
was used widely farther south. Many of the old terraced hillsides in the 
South today are monuments to the era of hillside ditches, which continued 
to be used to a considerable extent until around 1900. The modern terrace 
has proved to be more efficient in controlling soil erosion. A few farmers, 
however, still use the hillside ditch, as in parts of the Savannah Hiver 
section of the Georgia Piedmont. 

By 1860, Virginia and Maryland had turned to the diversification of 
crops to some extent. 

Much land in the Deep South was susceptible to severe washing. In 
the area around Natchez, Miss., for example, the fine-grained loess soil 
(Memphis silt loam) was so erodible that after a few years of cultivation, 
much of it was washed away. Here, cotton, instead of tobacco, was the 
crop whose cultivation resulted in so much soil washing. By 184^ the 
planters in parts of the loessial area of Mississippi, much disturbed about 
erosion, tried deep plowing. The conditions were little better in many 
other sections. In 183£, the farmers of Georgia and South Carolina were 
advised that only manure could save the sterile field from '"our wretched 
system of agriculture.’’ Sorsby, in his book published in 1860, noted 
hillside ditches in all the Southern States. This was the only thing he 
found to commend "the murderous system” of agriculture employed. 
Immense tracts of land had been thrown out of cultivation because of 
severe soil washing. 

Before the Civil War the system of agriculture showed some signs of 
improvement. By 1854 contouring was used by many of the planters in 
Mississippi and other Southern States. Many of them used the eye to lay 
off the contour lines, but the more careful used a triangular spirit level. 

The cowpea, used by Washington and recommended by John Taylor 
and others, was probably the main soil builder of the South. By 1845, 
John C. Calhoun had reclaimed a worn-out farm in South Carolina chiefly 
by the use of cowpeas and "guard” drains on his upland fields to prevent 
erosion. Near Natchez, Miss., some of the planters troubled with erosion 
sowed winter oats between the cotton rows. Bermuda grass also was used 
with success. A city ordinance of Natchez, in 182£, required that Bermuda 
be planted in the public square to prevent it from being gullied. 

Bermuda was used to some extent throughout the South. The warm, 
moist climate was conducive to its rapid growth. It spread in many of the 
abandoned fields and was a problem in the cultivated ones. In Hinds 
County, Mississippi, shortly after the Civil War, it was reported to be 
"everywhere.” 
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Although Southern agriculture improved, it was still far below that of 
the North. It was still enslaved by a one-crop system. Some land was 
reclaimed, and some improved, but agriculture had sunk so low in some 
localities that improvement was slow. 

Work in the North after 1800 

Numerous travelers contrasted the agricultural practices of the North 
and the South before the Civil War. They invariably found agricultural 
improvement carried on in a greater degree in the North, In 1819, 
Maryland was contrasted with York and Lancaster Counties, Pennsyl- 
vania. Land sold for five to six times as much in Pennsylvania as in the 
more southern area. It was declared that it was as difficult to sell land in 
Maryland as to draw a prize in a lottery, although improved farms in 
Pennsylvania were in great demand. The Middle States, as a whole, had 
improved their lands with clover, with manure, and with many of the 
other practices already described as being used in the South. 

At the time Samuel Deane was writing in New England, a number of 
public-spirited men were experimenting in New York and Pennsylvania. 
Robert Livingstone wrote an essay on sheep and experimented with lucerne 
(alfalfa), having, in 1793, 15 acres of it growing in New York. Another 
was John Beal Bordley who, although he lived in Maryland, was promi- 
nent in the Philadelphia Society of Agriculture in the 1790’s and had con- 
siderable influence on Northern agriculture. He contributed a pamphlet 
on rotations (1784) and a book on husbandry and rural affairs (second 
edition 1801) which was, perhaps, the most complete American treatise 
on rotations up to that time. 

Bordley’s system was based on the Norfolk rotation of England. One of 
his favorite rotations consisted of: first year, buckwheat to be turned 
under; second year, rye and clover or timothy; and third year, clover* He 
favored green manures (many of his rotations provided for the plowing 
under of at least one crop) and the use of stock manure. Grass was impor- 
tant because it gave dung, and dung gave fertility. He admired the agri- 
culture of the Pennsylvania farmers with some reservations, but, as other 
writers, condemned the soil-exhausting system of Maryland and Virginia. 
In general, it was agreed that the Germans of Pennsylvania were the 
best farmers. As early as 1753, a premium was offered in Pennsylvania 
for the best field of clover. 

More important than Bordley was Richard Peters, a lawyer by profes- 
sion but a practical farmer as well, who specialized in improved breeds 
-of sheep and cattle, pioneered in soil improvement, and was the first 
president of the Philadelphia Agricultural Society. Peters published a 
pamphlet on the use of plaster in 1797, which had a wide circulation. It 
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was said that this work caused old, worn-out estates to be made produc- 
tive through the use of gypsum, clover, and grasses. He advised against 
the ''overwhelming reliance” on plaster alone. Peters first observed the 
effects of gypsum on the Commons of Philadelphia in 1777 and after years 
of experimentation recommended it highly if used in conjunction with 
deep plowing, rotations, clover, grass, and green manure. 

He was a friend of George Washington and corresponded with him 
on the subject of agricultural improvement. It was at Washington’s 
suggestion that he sent out a questionnaire to farmers in connection with 
his research on gypsum, and he dedicated his publication on plaster to 
Washington. 

Peters experimented with other soil-saving techniques as well. He tried 
John Taylor’s system "repeatedly” and found that turned-under crop 
residues would not rot quickly but that green manure never failed to do so. 
Therefore, on this subject he differed from his "much respected revolu- 
tionary friend.” Peters felt that clover grown on the land for a long period 
would impoverish the land. Some other "grass,” or forage crop, preferably 
millet, should be substituted occasionally. 

Liming was to be followed by a summer crop, then fall plowing fol- 
lowed by a cover crop, and then an application of dung as a preparation 
for wheat. Deep fall plowing was also practiced by Peters, which with 
regular alternations of tilled crops, pasture, and meadow would conserve 
the fertility of the soil. 

Not only did Peters employ soil-saving methods himself, but he 
required his tenants to do so. An extract of his lease to tenants published 
in 1811 in the Memoirs of the Philadelphia Agricultural Society is as 
follows^: "A fixed quantity of dung^ from the tenants’ muck heap, may 
be taken if the landlord chooses . . . every kind of economy, as to timber 
duly to be exercised. The tenant is to procure, and sow clover seed and 
'plaister of Paris. The landlord to pay half the cost of purchase. The tenant 
must leave the fields of winter grain sown or not with clover seed. ...” 

After 1800, Northern agriculture began to improve, partly as a result 
of the work of these men. More important influences, however, were the 
economic changes. Before this time, New England farmers were prodigal 
in their use of land. In 1801, the average Massachusetts farm, according 
to valuation returns, had 4 to 6 acres in row crops, 8 to 10 acres in upland 
grass, and about the same area in natural meadow. The remainder of the 
farm seems to have consisted of old, exhausted fields. The Connecticut 
tax list of 1796 distinguishes between clear and brush pasture, the latter 
according to Bidwell and Falconer being old, worn-out fields.^ 

^ Peters, R. Leases to tenants, extracted from the lease for Belmont Barm, Philadelphia 
Soc. Promoting Agr. Mem., Vol. pp. 263-265, 1811. 

^ Bidwell, Percy Wells, and Falconer, John I. “History of Agriculture in the Northern 
United States, 1620-1860.” Washington. 1925. 
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About 1820, the farmers began investing more capital in land improve- 
ment. The first four decades of the nineteenth century saw a change in the 
economy of the Northern farms that was almost revolutionary. Roads 
were extended gradually into the backwoods, and stream navigation 
increased. Between 1810 and 1840, a new industrial population came into 
being as a result of the industrial revolution. This created new markets 
and tended to break down the old, self-sufficing economy and bring about 
commercial farming. Trade with the West developed rapidly from 1800 to 
1860. The North and Northwest were enabled to supply the Southern 
market and allowed the South to concentrate on a cash crop. Cotton 
factories were developed to take care of this trade. 

Mechanical inventions on the farm also facilitated development. In 
1797, Charles Newbold of Burlington, N. J., obtained a patent for a cast- 
iron plow. Jethro Wood improved the moldboard in 1819 and developed a 
plow not cast in one piece. In 1839, Samuel Witherow and David Pierce 
invented a moldboard that would bend the furrow slice so as to fracture it. 
Between 1800 and 1830, 124 patents for plows were issued by the United 
States Patent Office.^ 

The awakening in the field of agriculture also resulted from the rise of 
agricultural periodicals and societies. The Columbian Magazine (Phila- 
delphia) published an article in 1787 that described experiments with 
clover and wheat and listed a 4*-year rotation. After that time, articles on 
the improvement of worn-out lands were published occasionally. The 
Society for the Promotion of Agriculture, Arts, and Manufacturing, 
organized in 1791 in New York, discussed among other topics in its 13 
meetings: improving poor land by sowing red clover seed, perennial 
grasses, experiments and observations on lucerne, and cast-iron plows. 
In 1788, the Philadelphia Society for Protecting Agriculture, recognizing 
the importance of soil conservation, offered a premium for the best 
discussion of various erosion problems, among them “the best methods 
of restoring old gullied fields to a hearty state.” 

Beginning with 1819, several agricultural journals were established 
which, no doubt, were important factors in agricultural improvement. 
The American Farmer edited by John Skinner was first issued Apr. 2, 1819. 
The same year, Solomon Southwick’s Ploughhoy began publication at 
Albany. The New England Farmer was published at Boston by Thomas 
Green Fessenden, with Timothy Pickering, David Webster, and John 
Lowell as contributing editors. 

Grazing early became a main industry in some areas. By 1800, it was 
established in southeastern Pennsylvania and the Connecticut Valley. 
Connecticut seemed to have started improving earlier than the other 
New England States. Colonel Humphreys observed in 1816 that lands 

^ Agriculture of the United States in 1860, U, S. Census OS, 8th Census, Vol. 2, p. 
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worn out 40 years ago were now productive- Manure, rotations, and 
artificial grasses had brought about this change. After 1800, dairy herds 
in many sections of New England increased in size; improvements were 
undertaken on the land itself; per-acre yields increased; fields were made 
smaller; and manuring, rotation of crops, and thorough plowing were 
practiced more widely. By 1855, a large percentage of the improved land 
was in timothy and clover. The rural population declined steadily. 
Marginal land and steep slopes (where erosion was worst) were abandoned 
when production proved unprofitable. 

Thomas Green Fessenden served as a sounding board for all the 
progressive agricultural ideas of his time. In his book "‘The Complete 
Farmer and Rural Economist’’ (Boston, 1839), he gave all the modern 
practices, frequently quoting arguments from both sides when authorities 
disagreed, 

Fessenden became convinced from his associations and observations 
that deep plowing was not beneficial in all instances and disapproved also 
of the custom of dressing lands in the fall with manure, because the rains 
washed away the manure. In some parts of Vermont and New Hampshire, 
Fessenden observed, the farmers no longer attempted to grow wheat. 
He felt that wheat should not be grown except in rotation with clover and 
that this should be supplemented by fertilizer — dung, ashes, or rich earth. 

Jesse Buel, who established the Cultivator at Albany in 1834 and wrote 
the “Farmer’s Companion,” a book that went through at least six 
editions, personified the movement for agricultural improvement from 
18S0 to 1840. The principles, which he called the new husbandry, consisted 
of saving all fertilizers and wastes of the farm, rotating crops, plowing, and 
draining to retain the fertility and increase the profits. He criticized 
severely the old methods of successively cropping until the humus of the 
soil was exhausted and was one of the first to recognize the limits of 
artificial fertilizer. Exhausted lands must first be built up with animal and 
vegetable matter, he pointed out. 

The weaknesses of Buel’s principles were that they ran counter to the 
system of commercial agriculture by requiring that farms be self-sufficient. 
He insisted, however, that one of the chief causes of deterioration was the 
lack of money spent for farm improvements. 

Buel stressed deep plowing as well as subsoiling and trench plowing. 
Everything possible should be turned under that would increase the 
humus content of the soil, including greensward, buckwheat, clover, and 
leguminous crops. Underdrainage also was advocated. This could be done 
by frequent plowing and lapping the furrow slice so as to leave a place 
for the water to flow. 

Few of Buel’s ideas were new, but he was successful in getting many of 
them put into practice where his predecessors had failed. For this reason, 
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he was possibly the most important Northern soil improver before the 
Civil War. 

The raising of livestock became increasingly profitable; fantastic 
prices were paid for improved breeds. Colonel David Humphrey of 
Connecticut and Robert Livingstone of New York imported sheep from 
Europe, and the raising of merinos became a fad. By 1840, the old race of 
inferior swine had been almost supplanted by superior breeds. Oxen 
were no longer used in the Middle Atlantic States but were retained by 
some New England farmers. 

Hay became the staple crop in New England, New York, Pennsyl- 
vania, and New Jersey. According to E. Emmons, who wrote a natural 
history of New York, grass and clover, supplemented by plaster, were 
used to build up the wheat land, especially in western New York. 
In the North, red clover was the most popular cover crop and continued 
to be throughout the century, but white clover also was used, as well as 
other legumes and various grasses. 

The use of fertilizer increased, and lime was said to have brought to 
life many farms in Pennsylvania and New York after 1810. Limestone and 
gypsum came into general use in Connecticut- Perhaps most representa- 
tive was the report of Elisha M. Bradley of New York, in 1852, insisting 
that manure was most important, and deep plowing and subsoiling next, 
in the renovation of worn-out land. 

Green manure also was used widely. Buckwheat straw was turned 
under on lands too poor for clover. Rye and oats were turned under as 
well. Emmons, who conducted an agricultural survey of New York in 
1846, claimed that turf turned was almost as good for land as clover. 

By 1850, legumes and grass husbandry were well established in the 
North, although lucerne, sanfoin, and the vetches were not popular. The 
New England system was to produce the maximum amount of hay. 
Emmons also recommended a rotation for New York wheat growers, 
which consisted of clover, treated with plaster, and an occasional year of 
fallow. By 1860, it was reported that rotations and deep plowing had 
worked wonders on the long-worn farms of New England. A common 
rotation was potatoes, oats, grass for 3 to 6 years. Manure or compost was 
applied at the time the grass was sowed. 

Deep plowing and subsoiling were considered a part of the “new 
husbandry.” A report to the Wheatland Agricultural Society of New York 
in 1833 emphasized fall plowing, deep plowing, and subsoiling. In 1839, 
deep plowing was recommended as the sole remedy to restore old fields 
in Massachusetts. In Lebanon, N. H., in 1852, it was reported that “many 
now plow deep and also manure.” Deep plowing was practiced also near 
Rutland, Vt. The practice of plowing diagonally down the hill, inclining 
to the left hand and “returning light,” was reported in Connecticut and 
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Massachusetts. Unless this practice was followed on sloping lands, it was 
said to be useless to apply manure, since it would wash away. 

Soil-improving practices in New Jersey and Delaware were said to be 
decidedly inferior to those of Pennsylvania. Statements regarding the 
improved agriculture of the North usually excepted Delaware and occa- 
sionally New York. 

James P. Mapes, an educated, practical farmer, was responsible for 
much of the improvement in New Jersey after 1847. He opened a school 
for agricultural education, which was responsible for a large increase in the 
use of soil-saving practices. 

John Johnson, a Scotsman of New York, advocated and practiced crop 
rotation and grazing. The failure of wheat in New York had brought 
the farmers face to face with the problem of soil depletion. By 1855, 
due largely to the activities of Johnson, the agricultural decline was 
checked. 

In Pennsylvania, the early German farmers were reputed to be the 
best in the United States and “a great blessing for this country.” In addi- 
tion to irrigation and hillside ditching, closed drains also were used on the 
hillsides to prevent gullying, and stone walls were built across gullies to 
check them. The lands were plowed horizontally, and various modifica- 
tions of hillside ditches were used. In one instance, furrows were run 
diagonally across the hill. The 20 years before the Civil War saw subsoiling 
advocated and practiced widely in Pennsylvania, New York, and other 
northern areas. 

It would be erroneous, however, to assume that Pennsylvania farming 
was perfect. There were poor farmers here as elsewhere. One Pennsylvania 
writer regretted that manure was used only on cropland and not on 
pasture. Here and there in searching the files of the Farmers' Cabinet, a 
periodical published in Philadelphia, one finds reports of poor farming and 
of gullied and washed lands, but such instances are rare as compared with 
the number of eroded farms reported in journals in other sections of the 
country. 

By 1860, the agricultural economy of the North to some extent had 
been stabilized. Much of the land had more or less successfully weathered 
the normal cycle of frontier soil exploitation. The frontier had moved 
slowly westward, subjecting new agricultural areas to the destructive 
system of frontier agriculture. Although the farmers of the North from 
that time on had to face a tremendous western competition, which could 
undersell them because of cheap land and large-scale farming, nearness 
to the markets gave them an advantage in supplying the great cities with 
vegetables, milk, and other foodstuffs. In New England, land abandon- 
ment continued throughout the nineteenth century, although the land 
fetained in cultivation received better care. 
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Work in the South after 1860 

The Civil War inflicted blighting hardships on the agriculture and 
entire economic structure of the South. Many owners of large estates, 
returning from 4 years of conflict, found their farm buildings burned and 
their land in a run-down condition. The currency of the Confederate 
States was valueless; and numerous planters sold some of their land in 
small tracts to white farmers or leased it to renters or sharecroppers. This 
resulted in abuse of the land by a progressively increasing tenant and 
sharecropper class who did not know or care about soil conservation. 

A second result was the development of the one-crop credit system. 
Without money, planters had to depend on local merchants to ‘'furnish’’ 
their renters or sharecroppers. But the merchant was not a man of large 
means. He was financed by the wholesaler or jobber, who, in turn, fre- 
quently was supplied capital by the Northern or English banker. To 
protect their interests, these groups required the sharecropper to produce 
a specified number of bales of cotton. The amount advanced by the 
capitalist to the jobber, to the merchant, to the landlord, and to the 
sharecropper or tenant was determined by the number of bales of cotton 
to be grown. Often, the quota was not fulfilled. Tenants usually got as 
many supplies as possible and as a result were generally in debt and 
constantly called on to grow more cotton. 

Deterioration of Southern agriculture during the postwar period is 
revealed by the fact that not until 1878 did the cotton crop equal that of 
1860. Erosion, which had been a serious problem before the war, continued 
on a widespread scale. The rolling uplands of the South, particularly in 
Tennessee, Georgia, Alabama, Mississippi, and the Carolinas, were 
generally very susceptible to severe water erosion under the heavy 
precipitation. In 1870, numerous areas in Georgia were reported to be red 
and seamed with gullies. By this time, many areas in middle Virginia and 
the Carolinas were abandoned as wastelands, too eroded to produce a 
crop. It was estimated that in 1877, millions of acres in the South were in 
this condition. 

Nearly 50 years ago, Shaler had the following to say about erosion in 
the Southern States^: 

“Although the evils arising from the washing away of the soil in America 
have not as yet been very serious, a close reckoning of the loss would probably 
show that it already amounts to the practical destruction of that coating over an 
area some thousands of square miles in extent. These depauperated districts lie 

^ Shaler, N. S. Origin and Nature of Soils, U. S. Geol. Survey 12th Ann. Rept.for ISQCh 
91 i Vol. 1, pp. 331“333. Washington. 1891. 
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almost altogether in tlie region to tlie south of the glacial belt, and mainly in the 
hilly portions of the so-called Southern States, especially in Virginia, the Caro- 
linas, Kentucky, Tennessee, and Mississippi. There is scarcely a county in these 
States where it is not possible to find a number of areas aggregating from 300 to 
500 acres where the true soil has been allowed to wash away, leaving exposed to 
the air either bare rock or infertile subsoil. Where subsoil as well as the truly 
fertile layer has been swept away the field may be regarded as lost to the uses of 
man, as much so, indeed, as if it had been sunk beneath the sea, for it will in most 
instances require thousands of years before the surface can be restored to its 
original state. . . . 

‘‘Besides this annihilation of the earth resources in the area where the soils 
have been allowed to wash completely away, a vastly more important though 
less visible damage has been done by the partial destruction of the nutritive 
layer, in the course of which it has been thinned and worn to a point where it will 
no longer pay the cost of tillage. When brought into this impoverished condition 
it is, in the common phrase “turned out,’’ or, in other words, committed to the 
slow process of redemption which the natural agents of soil-making may bring 
to bear. . . . 

“The total area of these abandoned fields which lie in the States of Virginia, 
Tennessee, and Kentucky alone amount, according to the estimate I have made 
with some care, to between five and six thousand square miles, or about one- 
thirteenth of the total tillable surface of these States. ...” 

Before the Civil War, some attempt at diversification had been made.^ 
In the upper country of North Carolina and Virginia and in Tennessee, 
Kentucky, and Missouri, many farmers broke away from the one-crop 
system. Richmond, Petersburg, and Louisville became small industrial 
centers, and various industries sprang up that helped agriculture. Farmers 
in the Shenandoah Valley of Virginia, the Bluegrass region of Kentucky, 
and the Nashville Basin of Tennessee generally diversified their agricul- 
ture. Peanuts were grown in southeastern Virginia and adjacent North 
Carolina. In small areas, here and there in the Carolinas, Georgia, 
Mississippi, Arkansas, Louisiana, and Texas, farmers grew vegetables for 
sale to near-by cities. Under the protection of levees, rice was a major crop 
near the coast, on the alluvial lands of such streams as the Cape Fear in 
North Carolina; the Santee and Pee Dee in South Carolina; and the 
Savannah, Ogeechee, and Altamaha in Georgia. 

Here and there, farmers in the Deep South continued to use erosion- 
control measures developed before the war. A considerable number of 
farmers practiced hillside ditching. Of these, William Durham Lee, a Civil 
War veteran, was probably representative. He had seen the results of 
hillside ditching when marching over the war zones between Richmond 
and Gettysburg before he bought his farm in Hinds County, west-central 

^ Gray, L. C. “History of Agriculture in the Southern United States to 1860.” Vol. II. 
pp. 909-923. Washington. 1933. 



EARLY EFFORTS TOWARD EROSION CONTROL 889 


Mississippi, which, had been neglected for 7 years. Only the rich valley 
land had been cultivated during this period; the hillside fields were eroded 
badly, and old-field pines had covered most of them. Gullies were treated 
with trash and pine boughs. On the contour of the uplands, he dug hillside 
ditches about 18 inches deep and 100 feet apart. Guard drains were 
constructed at the ends of the ditches, and rock dams or baffles were 
placed at some of these points to break the force of the cascading water. 

In some of the gullies, he planted Bermuda sod, hauling it by the 
wagonload. Cowpeas were grown for green manure or as a soil-building 
crop. Manure and cottonseed were used as fertilizers. But in his com- 
munity, Lee appears to have been the only farmer who really took care 
of the land. 

Farmers in other sections of the South also found Bermuda excellent 
for eroded hillsides. One writer recommended it for the area around New 
Orleans, and it was used as far north as Maryland to prevent erosion. In 
the northern part of the South, crimson clover was used to some extent. 

The remarkable spread of lespedeza, or ‘'Japanese clover,” was noted 
in 1884. It was growing in many of the woodlands and idle fields of the 
South by that time, being particularly widespread in Alabama and 
Mississippi. Some of the northern clovers also had made their way south. 
Frequent references to their use as soil binders are found in Maryland 
and Virginia farm journals. Generally, grasses and clovers came into 
greater use in the northerly part of the South for permanent pastures. 

Legumes were increasingly recommended. The Commissioner of 
Agriculture of Georgia, in 1881, said that the hope of Georgia lay in 
legumes. The cowpea became the most popular of these soil-building 
crops. It was sowed between corn or planted alone for hay or food or to be 
turned under as green manure. The few farmers interested in soil con- 
servation emphasized the value of a ground cover to prevent erosion 
during winter. 

Plows were improved for deeper tillage with a minimum expenditure of 
effort. Several varieties of hillside and subsoil plows were developed. 
Plowing was employed occasionally to fill gullies. J. Wilkerson, writing in 
Maryland in the 1870’s, describes a gully 300 feet long and 1 to 10 feet 
deep that he eliminated by plowing in soil from the sides. 

Rotations and diversification were practiced by only a few farmers. In 
Maryland, a reference in an agricultural journal, published in 1886, 
probably gives a cross section of the practices of the more progressive 
farmers. Five farmers in the Deer Creek farmers’ club listed their rotation 
systems as follows : 

1. Wheat, corn, grass for several years. 

2 . Corn, wheat, clover, wheat, wheat, grass 5 years. 

3. Seven-year rotation of corn, wheat, oats, and 4 years of grass. 
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4, Grass, top-dressed and turned under for corn. 

5. Eight-field rotation of grass and wheat (several years at a time, 
fertilized each year). 

As crop diversification increased, hillside ditching grew in disfavor. 
David Nichols of Alabama was among those who found the old-style 
hillside ditches unsatisfactory, reporting in 1877 an improved method of 
constructing them. He ran his ditches through a clover field and as an 
experiment decided to leave the vegetation above the ditch for a width of 
about 8 feet. For six years, he experimented with '‘stripping” his ditches 
with grass or some other vegetation and found it so satisfactory that he 
felt it would revolutionize agriculture. The results of his experiments were 
published in a small book concerning his "system.”^ 

Of more importance, however, was the work of Priestly Mangum^ near 
Wake Forest, N. C. He, too, had found hillside ditches unsatisfactory and 
had experimented with strips of vegetation (some of them as wide as 
50 feet), which entirely replaced the ditches. But the system proved 
unsatisfactory for controlling erosion on all lands. In 1885, Mangum 
constructed his first terrace, which was about 1 or 2 feet high, 10 feet wide, 
and so designed that all the land could be cultivated, with provision 
for the water to drain off slowly without washing the field. His type of 
terrace was constructed by turning an equal amount of soil from both the 
upper and the lower sides. Although he used a steeper grade than approved 
for modern terraces, some of the structures that he built have been used 
for 50 years. 

One farmer in Newberry County, in the Piedmont section of central 
South Carolina, started building terraces similar to the Mangum type 
50 years ago, using a terracing machine which was patented in 1883. His 
terraces were constructed on the contour, with a 3-foot vertical interval. 
Some of these are still in use. 

The effort of these postwar soil conservers availed little to stem the 
tide of soil erosion. Generally, too few farmers adopted the approved 
practices or employed only a single method. In the southern Piedmont and 
some of the adjacent areas, particularly in Georgia and South Carolina, 
both hillside ditching and terracing were used extensively by 1880. Of the 
entire country, by far the greatest conscious effort to control erosion was 
made in this locality on up to sometime after the close of the century, 
when terracing began to spread through the Cotton Belt and, in a small 
way, to other regions. But the system, although successful in many 
instances, failed to hold the soil over extensive areas because of excessive 

^ Nicliols, David. “Preservation and Protection of Cultivated Land from Surface 
Washing.” Atlanta, Ga. 1883. 

2 Mangum, P. H. My Father Invented It, Country Gentleman^ pp. 14, 73, November, 
1937. 
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steepness of the land, faulty construction, or failure to maintain the 
terraces* No adequate experiments were carried out anywhere to deter- 
mine the proper grades, dimensions, or adaptable slopes and soils until 
the latter part of the 19£0’s. 

The one-crop system of agriculture tended to preclude any substantial 
improvement of erosion-control practices in general. With the turn of the 
century, however, the long agricultural depression ended, and the South 
shared in the upturn* The efforts of agricultural journals, agricultural 
colleges, and the new experiment stations resulted in some spread of crop 
diversification ; but in spite of this, the proportion of tenant farmers grew 
larger. Erosion increased at an appalling rate, devastating large areas. 
Millions of acres were abandoned, and much land was retained in cultiva- 
tion only through the use of increasingly large quantities of commercial 
fertilizer. 

In general, it might be said that, although erosion proceeded to take its 
heavy toll of soil on most rolling farms, those practices which were 
retained were improved as the older, deficient ones were gradually 
abandoned. The soil-saving remedies advocated and practiced to a slight 
extent slowly became more varied. 

Conservation Efforts in tlie West 

Emigration of farmers from settled communities to unsettled areas 
probably has been the most persistent characteristic of American agricul- 
ture. From the earliest Colonial times, the frontier was constantly pushed 
westward. The influence of this movement can hardly be overemphasized, 
because frontier agricultural practices have had most profound effects not 
only on the land itself but on the whole American economy. To these 
pioneer practices, under conditions of an abundant supply of land, may be 
laid, perhaps, the main contributing cause of erosion. The dominant 
motive in gaining a livelihood from the frontier farm was to extract from 
the soil a maximum of crops with the least effort. The abuse of the land 
was a cause of amazement not only to English travelers who visited the 
American colonies but also to the Easterners, who later visited the 
Western frontier. 

In Kentucky in 1838, it was reported that 50 years of poor farming 
methods were wearing out the land. The “skimming system” was almost 
universally practiced in Missouri in 1849, “not one farmer out of fifty 
having ever hauled a load of manure.” By 1850, the best farmers of 
Kentucky grew clover, although little fertilizer was used. In Dane County, 
Wisconsin, in 1851, the belief that the soil could be cropped indefinitely 
without becoming exhausted was beginning to be questioned. Farmers of 
this area frequently dumped their barnyard manure in the creek; the 
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one-crop system was practiced generally; and only a few rotated their 
crops. Little livestock was raised except by European immigrants. By 
1854, soil depletion was causing great concern in eastern Ohio. It was 
noted by one writer in 1870 that thousands of farmers along the frontier 
never thought of manure; that much western wheatland had deteriorated; 
and that the remedy was underdrainage, rotation with clover, and use of 
manures. It was reported in 1878 that many gullied fields and even entire 
farms, near Elkton, Ky., had been abandoned and allowed to grow up 
in broomsedge. 

This ruthless waste of the land was followed to some degree by im- 
provement. Parts of Ohio had been settled before the nineteenth century, 
and by 1840 the practice of bare fallow began to be abandoned, and 
cowpeas or sod sometimes were plowed under. By 1851, clover was coming 
into use. As a rule, wheat was of first importance on Western farms; then 
oats, barley, corn, and finally hay and forage crops. Perhaps the 
experience of John Muir, the celebrated naturalist who spent his boyhood 
on a Wisconsin farm, was typical of much Midwestern farming. He relates 
that, at first, wheat, corn, and potatoes were the principal crops but that 
in four or five years the soil was so exhausted the yield of wheat declined 
to 5 or 6 bushels an acre. Then more attention was paid to the corn crop. 
When its yield became meager, English clover was grown on the exhausted 
land and turned under before corn was planted again. Later, a complete 
change of farming methods was brought about; the farmers grew clover, 
corn, and crops which are fed to the stock in the field. 

The inefficient cropping methods of older areas were frequently trans- 
planted to the frontier. Dicken and Brown ^ describe two areas in western 
Kentucky that are typical of such conditions. The Lincoln Farm area in 
Larue County was settled by Virginians between 1780 and 1810; corn 
became a staple crop, and later wheat and tobacco. Row crops pre- 
dominated, and poor methods of plowing were used. Erosion and land 
abandonment followed, and, as newer fields became exhausted, some of 
the abandoned areas were cleared and cultivated again. In some instances, 
bushes and briars partially conceal the scars of soil erosion in old fields 
that have not been cultivated for a century. South-facing slopes were 
particularly susceptible to erosion because of the frequent alternation of 
freezes and thaws. 

At the close of the Civil War, the western half of the Mississippi Valley 
was largely unsettled, although before this time farmers had pushed into 
the prairies of Iowa and eastern Kansas. To the settlers from the East, 
the absence of trees in the prairie states indicated unproductive land. 
Accordingly, woodlands were the first cultivated, and a shortage of 

^ Dicken, S. N., and Brown, H. B., Jr. Soil Erosion in tke Karst Lands of Kentucky, 
U. S. Dept. Agr. Circ. 490, 1939. 
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timber resulted. Later, after the advent of the steel plow, the fallacy 
regarding the productivity of the prairies was dispelled. 

The land policy of the Federal Government also stimulated settlement 
of Western lands through the Preemption Act of 1841 and the Homestead 
Act of 1862, with its subsequent modifications. In 1870, two railroads were 
extended across the Great Plains. These encouraged further settlement. 
By 1885, a wedge of settlement spread across the prairies into western 
Kansas and Nebraska. The frontier had advanced into eastern Colorado 
by 1890; and between 1889“1906, Oklahoma Territory was opened to 
farmers. Thus, the last great area of restricted public farm land was 
thrown open to settlement. 

Water erosion in the Midwest caused much damage. For more than a 
century, erosion-control methods had been publicized but little practiced, 
until soil exhaustion became critical. A typical example of frontier-land 
exploitation was found in the Blackjack or Cross Timbers section of 
central Oklahoma. This area was settled about 1889; and within a few 
years, most of the upland was ruined for farming purposes or severely 
impoverished. After the trees were removed from the sandy hillsides the 
uplands revealed their peculiar susceptibility to water erosion. Little 
livestock was raised. The principal crops were corn and cotton. Rows were 
run up and down the hill, and it was customary to burn crop residues in 
the spring. 

From 1905 to 1908, precipitation was above normal throughout 
Oklahoma; in 1908, the Blackjack section had a rainfall of 60 inches. This 
resulted in excessive sheet and gully erosion and caused widespread land 
abandonment. The situation on the land was referred to as a “succession 
of gullies and bottom patches made useless by the sand washed over them 
from the hillsides.^" ^ The abuse of the land had been accentuated by 
tenants who seldom lived on a farm more than one year and consequently 
had little or no interest in the welfare of the soil. 

Among those who deprecated the poor farming methods that caused 
erosion in the Blackjacks and other localities was John Fields, editor of 
the Oklahoma Farm Journal.^ Fields felt that the whole system of farming 
based on the one-crop-cash-crop system was ruinous. He pleaded with the 
farmers to turn to livestock and grass. In his experiments with grass, he 
had found Bermuda well suited to Oklahoma conditions and in 1902, when 
he became editor of the Oklahoma Farm Journal^ started on his long 
crusade to popularize the growing of this Southern perennial. 


^ Anonymous. Profits from Sand, Oklahoma Farm Jour.i p. 2, Mar. 1, 1908. 

2 McDonald, A. Erosion by Wind and Water in Oklaboma, Soil Cons.^ Yol. 2, pp. 233- 
235, 1937; Erosion and Its Control in Oklahoma Territory, U. S. Dept. Agr. Misc. Pub. 301, 
1938. 
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One of Fields’ supporters was Harry E. Kelley,^ who had moved to 
Fort Smith, Ark., in 1887, Shortly after his arrival in Arkansas, Kelley 
decided to devote his life to propagating Bermuda grass, in order to save 
the country from erosion. As a large landholder, he set out hundreds of 
acres of Bermuda, for many years gave away sod for planting, and 
continuously encouraged its use. Kelley was instrumental in having it set 
along the highways of Arkansas and induced Fields to promise never to 
publish an issue of the Oklahoma Farm Journal unless it contained an 
article on Bermuda grass. F. A. (‘‘Bermuda Grass”) Mitchell, who 
preached and farmed in Oklahoma, was also one of the pioneer advocates 
of Bermuda for erosion control. 

Bermuda grass probably has been used more than any other type of 
cover to control erosion in some parts of the Midwest. It has failed repeat- 
edly in the more northerly areas, although some has been grown success- 
fully as far north as Nebraska. To a large extent, Bermuda failed in 
western Oklahoma in 1910 and 1911 because of dry and cold winters. 

Sweetclover has been used successfully and extensively to control both 
wind and water erosion in many parts of the country. 

By 1913, John A. Adams of Johnson County, Missouri, had developed 
a system of gully control, the main principle of which was a dam with a 
drain-outlet pipe beneath. This pipe was so arranged as to allow the water 
to drain away after being impounded to a certain height behind the 
dam. This principle continues to be used extensively in erosion-control 
operations. 

During periods of drought, the settlers in the Plains and other parts of 
the West were faced with the problem of wind erosion. Wide fluctuations 
in the rainfall of the Great Plains resulted in variations in crop yields from 
good to complete failure over large areas. Such conditions have imposed 
upon the region an unstable type of agriculture and have encouraged 
speculative farming during periods of heavier than average rainfall, 
followed by depression in times of drought. In wet years the crop acreage 
was increased, and in dry years crop failure and soil blowing plagued the 
farmer. Wind erosion affected many localities when the soil favored 
blowing shortly after cultivation was introduced. Drifting of the soil was 
reported in parts of Oklahoma four years after the sod was broken and 
in North Dakota 6 years after settlement (1888). 

In dry years, crops frequently were ruined over wide areas throughout 
the West. In Greer County, Oklahoma Territory, crops were destroyed by 
drought repeatedly from 1902 to 1906. Thousands of acres of cotton were 
ruined, and nearly every field of sandy land that was broken flat and 
planted level suffered from blowing. In the Oklahoma Panhandle, wheat 
blew out repeatedly. 

^ McDonald, A. The Bermuda Grass King, Soil Cons,, Vol. 3 , pp. 97-99, 1937. 
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The problem of wind erosion became serious in western Kansas; 
northwestern Texas; western Oklahoma; eastern Colorado; and parts of 
the Dakotas, Nebraska, and other Western States.^ Wind erosion 
became such a menace that in some areas, whole communities were 
mobilized to fight it. In Thomas County, Kansas, the citizens organized 
and raised $8,000 through contributions from bankers, merchants, 
professional men, and farmers. The life of the community was threatened. 
Strips 250 to 330 feet wide were listed and planted to sorghum or corn; 
unworked strips were left between. In some instances, it was considered 
necessary to list only three or four furrows at intervals of 165 to 330 feet. 
The result was that blowing was checked on 65,000 acres. 

The disk was also used as an implement for the prevention of wind 
erosion under conditions of dry-land agriculture. The disks were set 
straight to force grain stubble and other crop residues into the loose soil. 
The disk was also used to some extent for flat breaking when it was 
desired to develop a cloddy wind-resistant surface. Some farmers plowed 
alternate rows as an aid to wind-erosion prevention. The use of harrows 
and rollers was discouraged, because the leveling, smoothing, and pulver- 
izing of the surface was found to be conducive to blowing. Under condi- 
tions of clean-culture summer fallow, as extensively practiced in the 
Wheat Belt of eastern Washington and adjacent Oregon and Idaho, 
particular effort was made to maintain a cloddy surface. Rod weeders, of 
the subsurface type, came to be an important implement for this purpose. 
More effective than other methods were the cover crops sometimes 
used for control of blowing. These were stripped or interplanted with corn 
or cotton. Occasionally, wheat, oats, rye, and (in Oklahoma, Texas, and 
Arkansas) cowpeas were planted between the rows; and in some localities, 
Bermuda grass or crab grass was allowed to grow. 

Frequent failures of corn, as the result of drought, probably con- 
tributed to the increased importance of the grain sorghums. These crops 
became especially important in the Southern Plains, not only as a source 
of feed but, on some farms, as a means of checking soil blowing, particu- 
larly on sandy land. Sometimes, the stubs were left on the ground as a soil 
stabilizer; and in other instances, the crop was cut in summer for feed, 
and the second growth left to hold the soil through winter. Where the soil 
was not too ‘‘blowy,” the second crop was turned under by some operators 
as green manure. Occasionally, a nurse crop was used to prevent blowing 
until the main crop could establish itself. 

Rotations practiced here and there usually consisted of several years of 
grass followed by some other crop. By 1907, an eight-year rotation was 
practiced by some Kansas farmers, which included 3 to 4 years of grass or 
alfalfa. A. M. Ten Eyck and W. M. Jardine of Kansas, and other 
^ Hazen, T. E. Blowing Soils, U. S. Dept. Agr. Bur. Plant Ind. BulL 130, 1908. 
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authorities on semiarid farming, felt that grass was the only solution to 
the erosion problem. 

Trees were used to some extent to cUeck wind erosion, especially in the 
Great Plains, in parts of California, and along the Columbia River in 
Oregon and Washington. Some of the plantings were put out in the hope 
that they would cause an increase in rainfall. 

Other measures for minimizing the effects of wind erosion were used, 
but the number of farmers employing precautionary measures was far too 
restricted to have any very pronounced effect. 

The Range. The ^0 years following the Civil War saw an unprec- 
edented growth of the cattle and sheep industry in the Western States. 
Ranching spread over parts of western Kansas, Nebraska, eastern 
Colorado, the Dakotas, Montana, Utah, southern Wyoming, and western 
Canada. Soon, much of the range land was overstocked. 

By 1885, grass was becoming scarce in many localities. The hard 
winter of 1886 virtually wiped out the cattle on numerous ranches in the 
Northwest, to which region livestock had spread previously. Somewhat 
later, the Southwest went through similar experiences. Between 1890 and 
1910, large areas throughout the West were overgrazed. 

Prior to this large-scale development of the Western cattle industry, 
complaints of overgrazing were occasionally heard. The secretary of the 
California Wool Growers’ Association wrote, in 1863^: ''Where the lands 
have been so persistently overstocked . . . the herbage has necessarily 
become thinner and thinner, . . . This process of depasturage, though 
not confined to any one species of herbage, is most strikingly exhibited 
in the great goat ranges. . . . This system of stocking the grazing lands 
must ultimately result in their entire depasturage.” 

In 1880, the census reports that some ranges were overstocked and 
depleted even then. It was reported, for example, that in 1880 a horse 
could step over the tiny stream that flowed through the valley of Canada 
de los Alamos, in the Santa Barbara National Forest of California. After 
years of overgrazing of its drainage area, increased runoff resulted in so 
much erosion that the little drainageway grew into a gully at least 100 feet 
deep and 200 feet wide. The water table was lowered to such an extent 
that groves of cottonwoods died of thirst. 

In 1862, Mountain Meadows, Utah, was a fertile valley supporting a 
rich growth of grasses. Today most of the topsoil and nearly all the grass 
are gone, so that grazing is largely a thing of the past. In 1897, the 
National Academy of Science, in an investigation authorized by the 
Government, found much overgrazing by sheep throughout the area 
between the Columbia River and the southern boundary of Washington 
as well as in other areas. The report also mentioned the occurrence of 
1 United States Congress. The Western Range, 74th Cong., 2dSess. Sen, Doc, 199, 1936. 
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frequent forest fires started by ranchers, travelers, miners, and coal- 
burning locomotives. 

Overgrazing and fires, together or separately, resulted in increased 
floods. A notable example is that of Manti Canyon, Utah, which was 
overgrazed for many years. Much gullying resulted, even on the higher 
crest of the Wasatch. Floods gradually increased, until in 1900 they were 
disastrous. The range was closed, overgrazing was stopped, and by 1910 
the floods apparently had ceased. In 191£, a fire in the Piru region, in 
Colorado, resulted in severe erosion and marked increase in the runoff. 
Not only did floods become a menace, but valuable orchards were covered 
to depths of 5 feet with soil material washed out of the burned area. In the 
‘'Happy Hill” grazing district of northern Washington, repeated fires and 
overgrazing resulted in severe impoverishment of productive hillside 
cropland. By 1897, many parts of the ranges in San Saba, Tom Green, 
and Taylor Counties, Texas, were reported to be almost ruined, where 
thirty years before they were said to be covered with grass 1 to 3 feet high. 
A stockman in this locality showed the attitude of some ranchmen by 
introducing facetiously the following resolution at a meeting at which a 
visitor had expressed some concern for the grass^: "Resolved, that none 
of us know, or care to know, anything about grasses, native or otherwise, 
outside of the fact that for the present there are lots of them, the best on 
record, and we are after getting the most out of them while they last.” 

But many stockmen finally changed their attitude. In 1905, Theodore 
Roosevelt sent out a circular to 1,400 stockmen throughout the Western 
States, requesting Information about range conditions. It was the con- 
sensus of opinion of those who answered that millions of acres had been 
ruined by overgrazing and that only the Federal Government could 
remedy the evil. In 1878, Major J. W. Powell, then chief of the Geological 
Survey, had advised revision of land laws to fit conditions in the semiarid 
West, but his advice was ignored. However, a beginning in conservation 
was made when the forest reserves were set aside in 1891. In 1896, the 
Northern Pacific Railroad attempted to restore its lands by means of 
leasing under a system of fencing to insure proper distribution of the 
cattle. 

With the turn of the century, the Federal Government took more 
interest in range conservation. This was due chiefly to the interest and 
leadership of Theodore Roosevelt and Gifford Pinchot. At this time, the 
livestock of the West were grazed for the most part on public lands. 
During Theodore Roosevelt’s administration, an area of 148 million acres 
was withdrawn from the uncontrolled public domain and included in 
national forests. Regulated use of the forest reserves had been authorized 

^ Bentley, H. L. Cattle Range of the Southwest, U. S. Dept. Agr. Farmers* Bull. 72, 
1898. 
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in 1897. In 1900, investigations of range use were initiated by both 
Federal and state agencies; in 1910, the state agricultural experiment 
stations started work along the same line; and in the same year, the office 
of Grazing Studies was established in the Forest Service. The investiga- 
tions covered such problems as grazing capacity; seasonal use; class of 
stock; systems of grazing; and influence of grazing on soil, erosion, runoff, 
and stream flow. 

The Forest Service, by its control of the national forests, began 
improving the ranges. It enforced better distribution of cattle by means 
of drift fences and by other methods. In 1907, Senator Newlands intro- 
duced his bill to prevent floods by means of dams at headwaters of 
streams, reforestation, and storage of water to prevent erosion. 

The National Conservation Commission (1909) collected much 
valuable information regarding erosion and conservation in general and 
stimulated interest in the national problem of wasteful use of natural 
resources. It found that the 300 million acres of public range, on the whole, 
were in bad condition and recommended reforestation, regulation of 
grazing, reseeding, and control by the Federal Government of all public 
lands. 





Chapter XLI. Erosion Problems 
in Foreign Countries 


Man in his primitive stage was a part of nature; but as he became 
‘‘civilized,” he failed to recognize that the world “was given to him for 
usufruct alone, not for his consumption, and still less for profligate 
waste.” ^ Erosion is one form of toll that man is paying for his extrava- 
gance, The extent of the penalty did not become evident until the last 
of the agricultural frontiers began to feel the effects of accelerated soil 
wastage. 

Erosion operates locally, but the problem of its control is national, or 
even international, in scope. Farmers do not willfully destroy their land; 
they are simply the tools through which society operates. The mills of 
Manchester and New England must share with the farmers of the South 
the responsibility for erosion caused by continuous cotton production, 
and the populations of our great cities and the Allied armies must assume 
a large share of the responsibility for the exploitation of the Great Plains 
of America and the wheat lands of Australia. 

Nations now are beginning to balance the value of continued cultiva- 
tion against immediate profits obtained by land exploitation accompanied 
by the impoverishment or destruction of the soil itself. But no one 
country has experienced all the social and economic conditions that lead 
to the development of erosion; and in the New World, agricultural history 
is too short to show the effects of continued erosion or the value of its 
control. All countries should, therefore, draw upon the vast store of inter- 
national experience in building long-range programs for soil conservation. 

Erosion in the Old World 

The Mediterranean Region 

Erosion in Italy. Italy is a leader in the movement for land 
reclamation and conservation in Europe. Under Rome, agriculture had 
flourished. The decline after the fall of Rome was caused largely by neglect 
of the land. The Italian slopes, denuded of trees, became pastures for 

^ Marsh, George P. “The Earth as Modified by Human Action,” p. 33. London and 
New York. 1874. 
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sheep and goats. Floods increased in number and became more destruc- 
tive; the soil washed from the hills covered the fertile fields below, blocked 
the river channels, and increased the area of malarial swamps. The Roman 
Campagna and the Pontine marshes, which had supported flourishing 
populations, were practically deserted. Until the last decade, the few 
farmers of the lowlands remained only long enough to sow and harvest 
their crops, returning thereafter to their highland homes. 

Farther north, the valley of the Po experienced equally radical 
changes. Ravenna, which was once an environmental counterpart of 
Venice, is today 4 miles from the sea; and Adria, a port at the time of 
Augustus, is more than 14 miles inland. Until the initiation of reclamation, 
the new land formed was chiefly swamp which in no way compensated 
for the destruction caused by erosion. 

The removal of forests from the central and southern Apennines began 
in remote antiquity. The forests of the northern Apennines, the eastern 
Alps, and the Maritime Alps were spared until the Middle Ages, when 
they were cut to provide timber for the navies of Venice and Genoa or to 
remove the ambuscade that might provide shelter for the invading Turks. 
Much of the desolation evident in the karst region north of Trieste is 
definitely attributable to the washing away of the soil after the cutting of 
the native pines. 

In 186^, the Karst was described as^: 

... a picture of the dreariest waste, for only the scantiest vegetation flour- 
ishes here. With the exception of a few places where oak and hornbeam grow, not 
only is forest lacking but one might almost say that the karst is entirely without 
vegetation. Only here and there stands out a little weed, or a thicket from the 
limestone piles. The land is scarcely suitable for the cultivation of grain or raising 
cattle. In the depressions only a few spots can be found which afford a meagre 
return or here and there a favorable place for a single grape-vine. ...” 

Similar conditions still prevail. 

Not until the initiation of the Bonifica Integrale in 1929 were all phases 
of land reclamation in Italy united under a single authority and directed 
toward the accomplishment of a single goal — the improvement of the 
national economy by raising the standards of living and agricultural 
production of the rural population. Unless the various aspects of reclama- 
tion were consolidated, there was danger that valuable water resources 
might be lost in draining the land or fighting malaria or that, in the 
regulation of water courses, forestry or grazing restrictions might be 
enforced without regard to their effect on the mountain population. The 
problem of land reclamation is essentially one of controlling erosion on the 

^ Anonymous. Der unterirdische Lauf der Recca, Aus der Natur, Vol. 20, pp. 250-254, 
263-266, 1862. 
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slopes in order to prevent loss of soil in the highlands and to reduce floods 
and sedimentation in the lowlands. 

In 19^9, a special Under-secretariat of State was established to super- 
vise the national reclamation program. Most of the actual wovk of 
reclamation is carried on by nongovernmental agencies, known as consorzi, 
to which treasury grants are made. Plans initiated by the consorzi are 
examined and approved by the government before grants are allotted, and 
at intervals the work in progress is inspected. Within reclamation areas 
the state determines, on the basis of importance to the nation as a whole, 
the method and extent of state aid to be granted. 

It is estimated^ that about one-third of Italy will be improved at a 
cost of over 7,000 million lire under the Bonifica Integrale during the 
fourteen-year period ending in 1944. Of this, 4,300 million will be assumed 
by the state, and the remainder is to be repaid over periods varying from 
five to fifty years by the farmers benefited. To preclude injustices to 
certain population groups, many of the changes are being made gradually. 
On the Lower Piave project, for example, the size of landholdings will be 
reduced gradually as the tenants become financially able to purchase their 
farms. In other areas, such as the Roman Campagna, the land was sub- 
divided into small farms as soon as the installation of reclamation works 
made close settlement possible. ' 

The problems of agricultural improvement are of two general types: 
reclamation and protection. On the Littoria project near Rome, inferior 
pastures and malarial swamps that had been prosperous farming land in 
Roman time have been restored to productivity. Before reclamation 
could be started, roads, railroads, and villages provided with necessary 
sanitation had to be constructed. In the new towns of Littoria, Sabaudia, 
and Pontinia, houses and farm buildings were erected, and the land 
broken before the farms were assigned. 

The Lower Piave project is chiefly protective in nature, although it 
includes a considerable amount of reclamation. The regulation of rivers, 
started in the Middle Ages by the Venetian Government, was continued 
intermittently under the kingdom of Italy. Water regulation in the upper 
Ongaro area was initiated in 1903 and progressed with occasional inter- 
ruptions until the World War. The present agricultural development is 
basically a resumption of prewar work. 

In the mountain regions, no sharp line can be drawn between reclama- 
tion and protective works. Highland agriculture must be maintained in 
such a manner that soil and water will be conserved and floods reduced 
without resorting to complete reforestation, which would displace large 
farm populations. The Brisighella project near Florence consists chiefly 

^ Longobardi, Cesare. “Land Reclamation in Italy. Rural Revival in the Building of a 
Nation.*’ Trans, by Olivia Rossetti Agresti. London. 1936. 
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of hilly and mountain land. Its most representative erosion feature is the 
calanche, which is also characteristic of the Pliocene clays throughout the 
foothills of the Apennines. As water drains oflf the slopes, it carries away 
large amounts of soil, and the gullied clay is left in ridges too steep for 
cultivation. 

Because of the increased population and somewhat reduced foreign 
trade, Italy’s need for agricultural land is sufficient to justify the expense 
of reclamation on the Brisighella project amounting to $250 or $350 per 
acre (Pig. 343). On the calanche lands, the much dissected slopes are 



Fig. 343. — Land that was ruined for cultivation by severe erosion restored to agricul- 
tural use by elaborate smoothing, terracing, and planting processes. {Courtesy, M. H. 
Cohee; compliments of the Italian Government.) 


dynamited and then partially leveled by hand (Pig. 344). Dams are built 
in the deeper gullies; some areas are seeded to grass or grain, which may 
be superseded by vineyards when satisfactory stabilization is accom- 
plished. In this way, the clay material can be built up to a fair state of 
productivity within a few years. 

The recently developed gradoni system has considerably reduced the 
problem of reforestation.^ The gradoni are broad steps generally about 
4 feet in width and spaced about 20 feet apart. They follow the contour 
and are inclined inward at a slope of about 30 per cent to prevent sheet 
washing or gullying on' the outer rim. The system is rather expensive 

^ Ringlaud, Arthur C. Notes on Soil Erosion and Reforestation in Italy; Suggestions for 
American Application. IJ. S. Forest Service. 1934. Frocessed. 
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(costing about $70 an acre for construction and planting) ; it is particularly 
well adapted to steep slopes. At the suggestion of Mussolini, the reforesta- 



Fig. 344. — Upper, formerly forested land (right background) ruined by erosion 
(calanche); foreground shows same type of land brought into agricultural use following 
blasting and smoothing. Lower, blasting operations on calanche land same type as above. 
Northern Italy. {Courtesy t M. H, Cohee; com'pliments of the Italian Government.) 

tion of Mount Subasio by means of the gradoni system was initiated in 
1930 as a memorial to Saint Francis of Assisi. 

Farther south in Italy, the Bonifica Integrale is more concerned with 
irrigation. Although the rainfall is inadequate to maintain agriculture, the 
water flowing off the denuded mountain slopes during the heavy spring 
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rains causes disastrous floods. After the destruction of the hydraulic works 
of the Greeks and Romans, the lowlands were converted into marshes, and 
the wooded or cultivated slopes into eroded pastures. By reducing the 
runoflf and storing the water for irrigation, Italy is now recreating the 
agricultural productivity of classical times. 

Erosion in Greece. Although there has been a continuous history 
of forest removal and soil wastage in Greece from ancient times to the 
present, the farmers continue to use obsolete tools and to alternate 
cultivation and fallow, as was done at the time of Pericles, 400 years before 
Christ. On the eroded slopes, pastures replaced cultivation; and when the 
deteriorating vegetation could no longer support sheep, goats increased in 
number. Today, there are more goats than people in Greece. The apathy 
of many of the people may be partly explained by the prevalence of 
malaria, which became endemic after the fourth century b.c., because of 
the increase in swamps. Since the World War, an influx of refugees from 
Bulgaria, Thrace, and Asia Minor brought new vigor to the areas that 
they settled. In Macedonia, the grain-producing area increased over 70 
per cent. Grazing declined proportionally, and diversification of crops and 
intensive farming were introduced. 

Spain. Most of the early accounts describe Spain as a farmer’s 
paradise, with rivers that “do not govern but serve the land with their 
waters.” The traveler of today is more conscious of the large stretches of 
desertlike waste and of the havoc wrought by seasonal torrents. Much 
of the country has always been unsuited to agriculture, but the unproduc- 
tive areas have been increased as a result of unrestricted cutting of forests, 
overgrazing, and neglect of agriculture. In northern Spain — Catalonia in 
particular — ^where small diversified farms predominate, agriculture is 
based on human labor. The fields are carefully tilled, and erosion is less 
general. 

After the discovery of the New World, emigration was rapid, and the 
smaller farms fell into the hands of large landowners, who obtained special 
privileges from the government. Their profit was derived chiefly from 
Merino wool; and the sheep that grazed in the mountains in summer, and 
in the lowlands during winter, were granted the rights of way and of water 
on their migrations. Fences were prohibited, and the flocks devoured the 
crops as well as the grass and scrub vegetation. Today, goat grazing in the 
forests of Spain is prohibited, but attempts at law enforcement frequently 
have met with open hostility. 

Palestine. Much land in Palestine has been seriously damaged by 
erosion.^ Especially serious from the standpoint of soil conservation and 
land reclamation are the increasing population and social conflict. Before 

^ Strahorn, A. T. Agriculture and Soils of Palestine, Geog. Rev,^ Yol. 19, pp. 581-002, 
1929. 
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the World War, the size of the population and herds was held in check by 
raids and disease. Since the establishment of the British Mandate, the 
natural increase in population has averaged about 24,000 a year. That 
reclamation may be practical on lands previously regarded as valueless is 
illustrated by the Birkar Ramadan area. Along the seacoast, orange groves 
have replaced the sand dunes; and at an average cost of $80 an acre, the 
malarial swamps have been converted into irrigated farms. Other areas 
have been similarly reclaimed through the application of capital and 
intelligent enterprise; but in consequence, the feeling prevails that there is 
discrimination in the distribution of land. 

When the Hebrews first migrated to the Promised Land, the moun- 
tains were wooded. Today, only 76 square miles of forest remain in all 
Palestine, although another 450 square miles that have been closely cut 
over or overgrazed still retain some forest characteristics. The govern- 
ment has estimated that approximately 10,400 square miles are suitable for 
cultivation or afforestation.^ Over 6,000 square miles are barren rocky hills 
or coastal dunes which have been classified as unfit for cultivation.” The 
Forestry Department recommends that 14 per cent of the land suitable 
for farms and forests be reserved for afforestation, fodder production, and 
erosion control; but without the cooperation of landowners, the govern- 
ment alone could plant only some 4 square miles of woodlands annually. 

Erosion in North Africa. North Africa, which was an integral 
part of the ancient Mediterranean world, is again today more closely 
related to Europe than to the rest of the African continent, for Algeria is a 
province of France, not a colonial possession, and Lybia is increasingly 
important to the Italian Empire. But during the interval between the fall 
of Rome and the beginning of territorial expansion by the European 
powers, much of the cultivated land of North Africa reverted to a desert 
or semidesert state. The restoration of agriculture in French territory 
in North Africa, which began about 1870, after the establishment of the 
Third Republic, has continued with few interruptions to the present. The 
Italian reclamation in Lybia is a postwar development. In both instances, 
the goal is the restoration of agriculture to the heights that it attained 
under Roman dominion. 

Northern and Eastern Europe 
TORRENT control 

In the mountainous sections of Europe, erosion control developed 
during the Middle Ages but was secondary to the more immediate prob- 
lems of torrent control and maintenance of vegetation in the mountain 
pastures. Although floods are the direct cause of property damage both 

^ Palestine Roy. Comm. Rept, London, July. 1937. 
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on the mountains and on the adjacent lowlands, erosion and deforestation, 
which are contributory causes of the floods, threaten the permanence of 
agriculture and grazing in the highlands. 

Grazing in the mountain forests of Europe is an integral part of the 
traditional rights, or servitudes,^ which were developed to provide for the 
domestic requirements of local populations. As early as 1458, however, the 
grazing of sheep and goats was prohibited in the Canton of Preiburg; and 
during the sixteenth and seventeenth centuries, most of the Swiss cantons 
forbade the grazing of goats in coppice stands of a minimum age, varying 
from five to twelve years. By decree of the king, the royal forests of Prance 
were closed to sheep and goats in 1515, but the decree was never effectively 
enforced. The later Ordinance of 1669 was similarly disregarded, as were 
all other attempts to control grazing. It has been estimated that in some 
parts of the Alps, the timber line has been lowered as much as 1,000 feet 
by overgrazing within historic times. 

The Prench Revolution was the immediate cause of the modern 
movement for forest conservation in Prance. The law of Sept. ^9, 1791, 
gave the villagers full freedom of the royal forests and game preserves. 
By 1803, the government was forced to limit the use of the forests 
because of increasing losses of herds, crops, and houses as a result of 
floods. The herdsmen complained and resisted with force all efforts at 
reforestation, because limitation of the grazing area decreased their 
immediate earnings. But the prevalence of floods in 1840 was sufficient to 
focus public attention on problems of torrent control. The flood of 1856 
caused unprecedented damage in the basins of the Rhine, Loire, Rhone, 
and Garonne.^ The French forestry law, passed in 1859, is still in force. 

Realizing that floods are natural phenomena that cannot be controlled 
completely by reforestation, the Prench Government initiated in 1882 an 
active campaign for pasture improvement and the construction of engi- 
neering works, such as dams and reinforcements along river banks. 

The success of torrent control in Prance led to the adoption of similar 
methods in Austria.^ Less effort was made, however, to acquire additional 
lands for reforestation, and more reliance was placed on the use of control 
works downstream in areas directly subject to flooding. In prewar 
Austria-Hungary, erosion was most destructive on the lower slopes where 
unstable beds of sedimentary sandy, gravelly, and clayey materials fre- 


^ Sparhawk, William N. Forest Rights in Foreign Countries with Special Reference to 
Grazing Rights, U. S. Dept. Agr. Ciro, 456, 1937. 

^ ‘‘Restauration et Conservation des Terrains en Montagne.” France. Direction G6nerale 
des Faux et F6rets. Paris. 1911. 

2 Strele, G. Fifty Years Experience with Mountain Stream Control in A.ustria. Mimeo- 
graphed trans. from Wasserkraft und Wasserwirtschaft by W. Pundt, and J. G. Woodburn. 
1936. 
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quently predominate. Although the floods were lower than along the 
Alpine torrents, erosion attacked some of the most productive farm land 
in northwestern Bohemia, southern Moravia, and Slovakia. Because the 
construction of a sufiScient number of large dams for flood control was 
prohibitively expensive, and horizontal ditching proved inadequate, 
reforestation has been accepted as the most practical, large-scale control 
measure for these regions. 

In Germany, most of the rivers subject to flooding have been canal- 
ized, and scientifically managed forests further contribute to regulation 
of the runoff from the mountains (Fig. 345). Today, the value of these 
forests in reducing erosion seldom is mentioned; but in the past, control 
through the maintenance of ground cover and the construction of small 
dams contributed to the evolution of a highly developed forest policy. 
Forestry is now focused primarily on the problem of increasing the produc- 
tion of existing stands, since any considerable extension of the forests 
would mean the curtailing of valuable farm or meadow land. 

THE AGRICULTURAL REVOLUTION 

Some erosion occurred even on the comparatively smooth fields of 
northern Europe, but it probably was not suflScient to attract attention 
except in areas, like Scotland and the Rhine valley, where level land was 
at a premium. Because the population of Europe was comparatively 
sparse until the middle of the thirteenth century, there was little incentive 
to improve crop yields. The growth of city population that accompanied 
the development of the weaving industry in Flanders, about that time, 
increased the demand for food and raw material. The immediate result 
was an effort to increase crop yields in Flanders and wool production in 
England. By the seventeenth century, the urban population of England 
also had increased, and with it the need for agricultural improvement. 
The English experimental farmers of that period derived their agricultural 
inspiration directly or indirectly from Flanders. 

Because the application of newly developed agricultural improvements 
was contingent on complete landownership, the traditional open-field 
system of farming gradually gave way to field enclosure. Before the end of 
the eighteenth century, England had become the agricultural leader of 
Europe; and from there, the agrarian revolution spread to the Continent. 
In France, the enclosure of fields began with the French Revolution, when 
the peasants became a dominant political force and the abolition of 
primogeniture prevented the accumulation of land by individuals. 

In Germany, the abandonment of the open-field system, which accom- 
panied the freeing of the peasants and the subdivision of large estates, 
occurred first in Bavaria and Hesse, where French influence was felt 




Fig. 345.-^XJpper, overgrazing follow!^ clearing off the beech forest about 1810 seriously damaged this 
and neighboring areas, near Riedenburg, Germany. Some of this land now being reforested at cost of approxi- 
mately $50.00 per acre. Center, gully healed in well-managed state forest by construction of loose-rock, drop- 
notch spillway dams (installed twenty years ago) near Tharandt-by-Dresden, Germany. Xower. one of the true 
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most strongly. The liberation of the peasants between 1801 and 1848, in 
western Germany, marked the beginning of an agricultural movement 
focused on the increase in crop yields through the restoration and mainte- 
nance of soil productivity, known as the Theorie der Statih 

In the east, the large estates of the Junker nobility not only continued 
but even increased in size during the first half of the nineteenth century. 
The free landless class, created by the liberation of the peasants, was no 
longer bound to the land, and the agricultural population declined. Sub- 
division of the estates proceeded slowly until the 1870’s, when land- 
owners were on the verge of bankruptcy as a result of declining yields, 
labor shortage, and cheap grain from the newly opened prairies of the 
United States. 

Throughout northern Europe, erosion control has attracted little 
attention. Flanders, where the agricultural revolution had its inception, 
has maintained a high standard of cultivation; but today dairy and garden 
products are of greater economic importance than turnips and grain. But 
the Netherlands, like Denmark, is constantly fighting the landward 
movement of coastal dunes. In southwestern France, large-scale dune 
stabilization by vegetative methods was first undertaken in 1787 by 
Br6montier. The completion of this work made it possible to reclaim 
Les Landes, the swamplands lying behind the dunes and covering an 
area of million acres. The justification of the financial expenditure was 
demonstrated during the American Civil War, when the export of resin 
from southeastern United States was cut off. Les Landes then became the 
principal source of resin for Europe. 

In eastern Europe, exploitive farming has created erosion problems 
that resemblef more closely those of America. Moving dunes are a menace 
to farming in the plains of Poland, East Prussia, and Hungary. In Russia, 
the freeing of the serfs in 1861 marked the beginning of extensive grain 
farming, encouraged by the government in order to produce a favorable 
balance of trade. The situation is roughly comparable to the exploitation 
of the Great Plains of the United States, but destruction was slower 
because at that time agriculture was not highly mechanized. The small 
landowners, unable to compete with the large estates, lacked the capital 
necessary to develop methods for controlling erosion; and because of 
debts and high taxes, the peasants were forced to exploit the land. This 
situation continued until the Russian Revolution, in spite of the high 
development of soil science in Russia. 

After the revolution, the land was divided into long, narrow holdings, 
usually running up- and downhill, so that each peasant might have his 
share of both good and bad land. Particularly in the Dnieper basin and 
the Ukraine, the land has been badly cut by gullies directly attributable 
to excessive subdivision of land. Under the circumstances it appears that 
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only through collective farming could the holdings be reunited in such a 
way that erosion could be controlled without the reestablishment of large- 
scale capitalistic farms. But collectivization has also been accompanied 
by mechanization which has led to rapid expansion of agriculture into the 
semiarid plains of the south and east. 

Erosion did not completely escape notice during the imperial regime 
in Russia. In the report of the Tula Hydrographic Expedition of 1908, a 
distinction was made between normal geologic and culturally induced 
erosion. The area covered lies in the heart of the forest steppe of the 
central Russian plateau and is one of the oldest areas of cultivation in the 
country. Because it was less well adapted to extensive grain farming than 
the southwest, much of it had been subdivided into small farms. From 
63 to 75 per cent of the land under cultivation was situated on slopes of 
sufficient steepness to be in danger of rapid erosion, depending on the 
locality, and from 10 to 18 per cent already had been ruined by gullying. 
The most serious erosion occurred on the lower slopes where runoff 
accumulated. Cultivation then shifted to the upper slopes, and new land 
was exposed to sheet washing and gullying. 

Reclamation of the lower slopes, commonly described as spent lands, 
has been a major problem at the Novosilsk Experiment Station since its 
establishment in 1921. Rotations of 6 years or less, depending on the 
stage of deterioration, are recommended. All rotations include 2 years of 
grass or leguminous crops to improve the soil by addition of needed 
nitrogen and organic matter. One year of clover usually supplies sufficient 
nitrogen for a subsequent grain crop, but at least 2 years are required to 
develop adequate improvement in the soil structure. 

Prom the standpoint of national economy, the wheat-producing 
chernozem area of southwestern Russia is more valuable than the central 
plateau. Pankov has estimated that 1,350,000 acres of chernozem soil have 
been ruined within the last 200 or 300 years. Much of the destruction has 
occurred since the introduction of extensive grain farming following 1861. 
As lands became eroded, forests were cut to increase the wheat-producing 
area. 

Fertility studies of chernozem soils have indicated that cultivation 
tends to break down the aggregated structure and that, although increas- 
ing the depth of the humus layer, it causes a reduction of the actual humus 
content. To restore the favorable structure, it has been recommended that 
long rotations, including grass or clover, be adopted. Professor W. R. 
Williams, of the Timiriasev Academy of Moscow, has recommended that 
the divides between drainage systems be planted in forests as a means of 
preventing floods and erosion. He is equally positive on the subject of 
grass, which he regards as the soil’s chief protection against erosion. 
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Sheet washing and gullying, prevalent in the Transcaucasus region, 
are under investigation at the research institute at Tiflis.^ Since the 
Russian Revolution, the increased number of tea, tobacco, and citrus 
plantations has been accompanied by accelerated erosion. It is estimated 
that at the current rate, all the topsoil may be removed from the culti- 
vated land within 10 to ^0 years. 

Although it is recognized that wind erosion is severe not only in 
Asiatic Russia but also in the southern part of European Russia, satis- 
factory data concerning its extent are not available. The planting of 
shelter belts is the chief method adopted for its control, but this is still in 
an experimental stage. With the extension of mechanized cooperative 
farms into the semiarid sections, the problem of wind erosion is increasing; 
but Russia, forewarned of the danger by disasters that have overtaken 
other countries, is organizing surveys preliminary to the development of 
adequate control measures. 


The Far East 

Before it became necessary to cultivate the sloping land of northern 
Europe, the discovery of the New World provided additional sources of 
food supply. China had no such outlet for its increasing population, and 
it was necessary to cultivate all available land. The skill developed by the 
‘^farmers of forty centuries” is justly praised, but China is also the “land 
of famine.” Within a single country are to be found some of the most 
effective examples of erosion control as well as the most convincing evi- 
dence of destructive erosion caused by man. That erosion has been 
recognized for generations is illustrated by two proverbs quoted by 
Lowdermilk^: ‘'Mountains exhausted of forests are washed bare by 
torrents” and “Mountains empty — rivers gorged.” Chinese legends® also 
record a classification of soils according to color and structure that was 
developed about 4,000 years ago — nearly 1,000 years before the burning 
of Troy. 

In southern China, where the rainfall averages from 60 to 80 inches 
annually, rice is the staple food crop. Because the fields must be flooded, 
rice can be grown only on level land or terraces banked to retain the water; 

^ Gussak, V. B. Experimental Study of Sheet Erosion and Runoff on Red Soils in the 
Wet Sub-tropics, Pedology 1, pp. 35-56, 1935. 

^ Lowdermilk, W. C. Forestry in Denuded China, Am, Acad. Political and Social Sci. 
Pub. £433, 1930. 

2 Thorp, James. ‘‘Geography of the Soils of China.” Published by the National Geologic 
Survey of China in cooperation with the Institute of Geology of the National Academy of 
Peiping and the China Foundation for the Promotion of Education and Culture. Nanking, 
China. 1936. 
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consequently, erosion is practically nonexistent. But where the slopes are 
steep, and upland crops are grown in rows customarily running up- and 
downhill, erosion is so severe that fields frequently are abandoned after 
2 or 3 years of cultivation. But very little thought has been given to its 
control. It is probable that most of the widely distributed red and yellow 
soils of south China originally were covered with a topsoil of yellowish 
or brownish color. Complete reclamation is not possible in all instances, 
but some areas could be converted into usable farm land, if terracing, 
contour plowing, strip cropping, and rotations were employed. One of the 
major requirements of adequate rotations is the introduction of legumi- 
nous cover crops. In other areas, reforestation seems to be the only 
practical method of erosion control; but where soil wastage is far ad- 
vanced, even this is difficult. 

Central China has a lower rainfall (40 to 60 inches annually) ; natural 
revegetation is slower than in the south; and rice cultivation is less impor- 
tant, As in southern China, however, erosion is completely controlled on 
rice fields but otherwise neglected. On an experimental farm near Nanking, 
where fruit trees have been planted in rows running up- and downhill, 
and in an experimental mulberry grove, planted without regard for 
slope, gullies are forming between the rows, and sheet wash is affecting 
the entire surface. At the current rate of erosion, the soil remaining will 
soon be insufficient to support tree growth. 

Northern China presents a more complex problem. The rainfall, which 
is less than that farther south, becomes progressively lower toward the 
west. The soft loess soil that predominates is easily washed away by rains 
and blown away by the winds during the frequently recurring droughts. 
In the northwest, erosion that has been in progress for centuries has com- 
pletely altered the nature of the country (Fig. 346) ; and in the northeast, 
sediment brought down by the Yellow River has created one of the world’s 
most serious flood problems.^ 

That many of the mountains in the northwest were once wooded is 
evident from accounts of early travelers in the Orient and by the presence 
today of occasional isolated woodlands that have escaped destruction 
because of religious veneration. The Buddhist temples, built in the first 
century a.d., were surrounded by forests. Those forests which are left are 
still free from erosion. They are composed of various hardwood species 
which reproduce naturally. At Chung Pu, Lowdermilk^ noticed an iso- 
lated forest-covered mountain in the midst of the barren, eroded land- 
scape. Here lies the tomb of Hwang Ti, a monarch of 30 centuries ago. 

^ Todd, O. J. “Two Decades in China.” Association of Chinese and American Engineers. 
Peiping, 1938. 

2 Lowdermilk, W. C. Erosion in the Orient as Related to Soil Conservation in America, 
Jour. Am. Soc, of Agronomy, Vol. 21, pp. 404-414, 1929. 
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The unprotected forests were cut to make room for farming or, where 
population remained sparse for a longer period, to protect the inhabitants 
against wild animals. As late as the fifteenth century, Marco Polo referred 
to the ferocious tigers and wolves of the forests of Cathay. 

One of the most stupendous engineering feats of the world has been 
the gradual building of terraces in northwest China to conserve the soil. 
As the soil began washing downhill, the farmers built embankments or 
terraces. Their height was increased year by year until the landscape 



Fig. 346.^ — Formerly cultivated land on watershed of Yellow River, China, destroyed by 
erosion. Note remnants of terraces with which the attempt was made to conserve these 
lands. {Courtesyy W, (7. Lowderrnilk.) 


has been converted into a series of giant steps. But even terraces provide 
insufficient protection. In dry periods, the loess shrinks, and deep cracks 
are formed, which permit rainwater to enter the soil and form imder- 
ground watercourses which carry away the loess from the lower levels. 
Underground caverns increase in size until there is no longer sufficient 
support for the overlying soil. In this way, sinkholes have formed in many 
places, even on level land. 

During each famine, farmers by the thousands migrate to the cities 
farther south. Those who return after an absence of a few years frequently 
find that their terraces have been cut by gullies or ruined by sinkholes; 
but the population is so dense that the land cannot be abandoned until 
advancing erosion forces the people off it. Farther west, along the margin 
of the Ordos Desert, cultivation has pressed outward toward more arid 
lands. The soil, loosened by the plow, has become more susceptible to wind 
erosion, thus artificially increasing the area of drifting sand. But here, 
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again, population is so dense that land abandonment or a shift from 
cultivation to grazing is not practical. 

The Yellow River flowing from the northwestern highlands carries 
with it each year about £,500,000,000 tons of silt,^ a quantity sujfficient to 
increase by 5 feet the elevation of an area 400 square miles, or £56,000 
acres, in extent. During the flood of 1933, the north dike of the Yellow 
River, which had been built to restrain the flood waters, was completely 
buried by silt. Since a principal cause of the floods of the Yellow River 
has been the heavy burden of silt carried by flood waters, the prevention 
of floods by means of engineering works alone is impossible. 

Although the two countries have a common agricultural tradition, the 
problems of erosion control in China and Japan are striking in their 
contrast. Chinese agriculture developed first on the extensive delta plains 
where erosion proceeded slowly. Japan, on the other hand, is a moun- 
tainous region with comparatively small areas of plains country, where 
the major agricultural problem is the protection of the limited farming 
areas from flooding and sedimentation caused by the removal of the 
mountain forests. 

The annual rainfall of Japan is heavy, ranging from 40 to 80 inches 
annually, and intense storms are frequent. Because of the steepness of the 
slopes and the nature of the soil, derived chiefly from coarse-grained 
granite and volcanic ash and lava, erosion is rapid where the slopes are 
denuded. This fact was the basis of the old Japanese proverb "^To control 
the river is to control the mountain.”^ By the seventeenth century, 
reforestation was practiced widely for torrent control, but subsequent 
political and religious unrest prevented general reforestation of critical 
slopes. 

About 400 years ago, the temples of central Honshiu were burned by a 
shogun who was hostile to Buddhism, but they were later rebuilt at the 
expense of the mountain forests of the Shiga Prefecture. Erosion pro- 
ceeded without restraint until 1871, when reclamation was started under 
the direction of the Dutch engineer Johann Dorehk. ‘^Now one may walk 
up the valleys, past check dams overgrown with vines and bracken over 
which torrential waters no longer charge, then into a carpet of . . . thick 
forest litter, under a full canopy of pine forest. . . . This probably 
marks the beginning of the modern period of flood and erosion control. 

In 1897, the Forestry Act of Japan was passed; Article 14 includes 
regulations for erosion control. Provision is made for: the prevention of 

^ EHassen, Sig. Soil Erosion and River Regulation with Special Reference to the Yellow 
River, Assoc. Chinese and Am. Eng. Jour., Vol. 17, pp. [^2-1-38, 1936. 

2 Lowdermilk, W. C. Erosion Control in Japan, Oriental Eng.y Vol. 8, No. 3, pp. 3-13, 
1927. 

Uhid. 
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soil denudation, shifting sand, floods, and avalanches and the mainte- 
nance of a constant water supply (Fig. 847) . The law was not fully enforced 
until some years later. 



Fig. 347. — Upper, type of soil and water conservation work to protect valuable culti- 
vated lands below. Some of this work exceeds the value of the land by ten times. Lower, 
torrent control in the Zaoh Valley, Japan. {Courtesy, 8. Sakurm, Tokyo Imperial Unwersity.) 


The forests near the headwaters of the Kirisumi River had been 
subject to unrestricted cutting for centuries. Runoff after the excep- 
tionally heavy rains of 1911 started new gullies and increased the length 
and depth of those already existing. Houses and bridges were washed away 
by floods; mud flowed from the slopes and covered the fields. In 1916, the 
Forest Act of 1897 was brought into operation, and a 'protection forest was 
established. Within 10 years, the headwater area of the Kirisumi, with 
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the exception of two small tributary valleys, was reforested; and 
as the result, erosion and floods were effectively controlled. The cost of 
the reclamation, 1^0,000 yen, was more than the market value of the land 
restored and protected. However, the price of the land is an arbitrary 
figure based on its sale value rather than on the benefits derived from the 
maintenance of agriculture over a period of centuries. 

Today, about 8.5 per cent of the total area of Japan is in protection 
forests; and of this, nearly 93 per cent serves the dual purpose of erosion 
and flood control. Within a period of forty years, S3 million yen have been 
spent for reclamation work by the Departments of Agriculture and the 
Interior, and an equal or larger sum by prefectures and private land- 
owners. In 19^5 alone, the Tokyo Forestry Board spent 170,000 yen for 
erosion control on an area of about 375 acres — nearly ten times the market 
value of the land. 

The methods of torrent and erosion control applied resemble, in 
general, those of other countries having analogous problems. Japan, 
however, has introduced one interesting new feature.^ Plants used for 
erosion control have been reduced to a minimum number of species, which 
not only bind the soil but also have a wide range of adaptability to 
climate, soil, slope, and erosion conditions. In this way, growing and 
planting have been standardized, and the cost of revegetation materially 
reduced. Through systematic effort and legislation, Japan has now reached 
the stage where accelerated erosion is practically nonexistent on farm 
lands. 


India and Netherlands India 

From the standpoint of erosion, India occupies an intermediate posi- 
tion between the Old and New Worlds. Like China, it has an old culture, 
dense population, and great variations in climatic and physiographic 
conditions. The Aryan invaders, who displaced the earlier Negroid and 
Dravidian populations, probably entered India about 2000 b.c. Some of 
the forests escaped the depredations of these agricultural and pastoral 
invaders; and in the northern Punjab, Alexander the Great found sal 
forests of sufficient density to conceal his entire army. The Mohammedan 
invaders after the eleventh century a.d. had no respect for forests; and 
under the Mogul Empire,^ forest destruction proceeded apace. 

Although the role of forests in maintaining stream flow, preventing 
erosion and sedimentation, and preserving the level of the water table was 
recognized by early English foresters, such as Gibson and Cleghorn, and 
although conservation was urged repeatedly in the strongest terms, the 

^ Detwiler, S. B. Fifty Years* Experience Gives Japan Simple, Effective Program, Boil 
Cons,, Vol. 3, pp. 9-10, 1937, 

2 Stebhing, E. P. ‘^The Forests of India.” London. 1922. 
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Indian forest policy was not established until the latter part of the 
nineteenth century. 

Exploitive agriculture, by contrast, developed too rapidly to permit 
gradual adaptation to environment. The Ganges and the Indus were the 
only river systems that were navigable to a large extent, and roads were 
little more than cart trails, passable only in dry weather. Because the era 



Fig, 348- — Famine laborers reclaiming land wasted by erosion. Punjab Plains, India. 

{Courtesy^ E. A. Smyikies.) 


of road and railroad building under the British Empire coincided with 
the Civil War in the United States, it was accompanied by rapid exploita- 
tion of the wheat- and cotton-producing areas of India. 

Erosion, however, had been in progress for centuries but was local 
rather than general. Along the Jumna River, destruction of the native 
vegetation by overgrazing was followed by gullying severe enough to 
necessitate the abandonment of entire villages. Both gullying and sheet 
wash had ruined sections of the Chota Nagpur hills, and the silt-laden 
waters from the slopes had clogged the pores in the soil of the plain below 
and caused them to become waterlogged. 

Nearly a century ago, Sleeman^ observed that, as a result of exploita- 
tion, ‘‘the most productive parts of the surface of Bundelkhand, like that 

^ Sleeman, William Henry. ‘"Rambles and Recollections of an Indian Official.” London. 
1844. 


918 


SOIL CONSEEVATION 


of some of the districts of the Narbada territories, which repose upon the 
back of the sandstone of the Vindhya chain, is fast flowing off to the sea. 
. . . ” He also had seen ‘‘valuable estates reduced in value to almost 
nothing, in a few years, by some new antennae . . . thrown out from the 
tributary streams of great rivers into their richest and deepest soils.’’ This 
he attributed to deforestation and to plowing and cross plowing which 
increased the tendency of the soil to wash. As erosion progressed, methods 
for its control became more diflicult to apply, because under British 
dominion the population increased rapidly, and with it the need for cash 
crops and food (Fig. 348). 

From the Indus in the northwest to the southern extremity of the 
peninsula, bunding has been practiced for hundreds of years for controlling 
erosion and conserving moisture. In general, bunds are low, earthen ridges 
built on the contour along the lower edges of fields. Simple bunds are 
characteristic of the sloping lands of the Madras and Bombay Presi- 
dencies. In the upper Narbada valley, where the land is nearly level, fields 
are completely surrounded by bunds that retain water on them until 
shortly before plowing, when it is released. Near Jubbulpore, the building 
of the bunds is attributed to Raja Man, who lived about 500 years ago.^ 

In the hill country of northeastern India, erosion is of recent origin, 
and bunding has heretofore been unnecessary. Until a few years ago, the 
eastern Himalayas were covered with dense forests. Small garden patches 
were cleared, cultivated for 2 or 3 years, and abandoned. Because of recent 
and rapid growth in population, the rest periods have been shortened; 
and runoff, erosion, and floods have increased. 

The Punjab is bordered on the north by the Siwalik hills. The seasonal 
torrents from the hills disgorge their water and sand upon the plains, 
forming sandy cho beds. About a hundred years ago, the chos ran between 
well-defined banks, and a few perennial streams flowed from the hills. As 
early as 185^^ the cho acreage in three areas near Hoshiapur amounted to 
48,^06 acres; by 1884 it had increased to 80,057 acres; and by 1897 to 
94,236 acres. 

In 1900, a Chos Act, passed by the Punjab Government, resulted in 
the establishment of a few small forest preserves and partial closure of 
some of the most eroded grazing lands in Hoshiapur. But, in general, 
overgrazing continues. Effort is being made to increase the capacity of the 
pastures through education of the natives, rotational closure of seriously 
eroded areas, the introduction of stall feeding and fodder production, and 
adoption of proper pasture management. Of far greater value would be a 

^ Howard, Albert. Soil Erosion and Surface Drainage, Agr. Research Inst. Pusa Bull. 53, 
1916. 

^Hamilton, A. E, T. Siwalik Erosion, Himalayan Jour., Vol. 7, pp. SY-IO^, 1935. 
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drastic reduction in the size of the herds, which wonid be difficult to 
accomplish because of the religious scruples of the natives. 

A technique for volumetric measurement of runofiP and erosion from 
controlled plots was developed in 1936 at the Punjab Irrigation Research 
Institute at Madhopur.^ The losses show marked acceleration of both 
runoff and erosion as the result of close clipping of the grass cover, to 
simulate, in some degree, the effects of overgrazing. 

According to estimates based on experience and intelligent observa- 
tion, some of those who have lived in the country fear that if erosion is 
permitted to continue at the present rate, the situation in India may, 
in a few decades, be as serious as that in northwestern China. 

To an even greater extent than in India, soil erosion in Ceylon and 
Netherlands India has been caused by commercial exploitation. The 
building of the first road into the interior in 1824 was followed by rapid 
extension of coffee cultivation, and coffee remained the chief commercial 
product until the appearance of the leaf disease about 1880, when it was 
supplanted by tea. 

The relation between the maintenance of mountain forests and the 
prevention of erosion on the tea plantations of Ceylon was pointed out 
as early as 1873 by Hooker. In 1885, an ordinance was passed for the 
protection of forests on the higher slopes; but 10 years later, the reason 
given for railroad extension was that transportation on the Kelani, the 
longest river in Ceylon, had been impaired by silting which had resulted 
from the extension of tea planting. 

A committee appointed in 1929 to investigate erosion in Ceylon recom- 
mended that an extensive campaign of education be initiated and that 
after about 5 years, the subject be reviewed in order to determine whether 
or not legislative control would be needed. In 1935, it was found^ that 
erosion control had been introduced on 70,000 acres of tea land and that 
9,500 additional acres had been placed under control on rubber planta- 
tions. Further control has been assured through the Ordinance of 1935. 
Reserves are to be established wherever necessary to prevent erosion, 
and no Crown Lands above 5,000 feet are to be alienated except upon the 
advice of the Executive Committee on Agriculture and Lands and with 
the approval of the governor. Land orders were laid down for the guidance 
of revenue officers, and all new landowners are required to install and 
maintain all recommended erosion-control works at their own expense. 

^ Gome, R. M. Soil Erosion in India, Nature^ Vol. 142, pp. 560-561, London, 1938; Soil 
Losses from Indian Forest, Grasslands and Farms, Indian For ester ^ VoL 64, pp. 327-329, 
1938. 

^ Park, Malcolm. The Soil Erosion Questionnaire — 1935, Tropical Agrioulturistf Vol. 85, 
pp. 369-330, 1935. 
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In his account of the coffee industry in Java, Gillett^ commends to 
the settlers in English possessions the soil conservation practices of the 
Dutch planters: 



Fig. 349.— Above, bench terracing for control of erosion and conservation of water — 
rubber plantation, East Coast of Sumatra. Below, sloping face of bench terraces (same as 
above) stabilized with viny legumes. {Courtesy y C, B. Manifold.) 


“No rush methods are here employed; the planting requirements for the fol- 
lowing year are prepared in good time. The land is cleared and dug, and then with- 
out exception, some suitable method is taken to prevent soil erosion. The method 

^ Gillett, S. Report on a Visit to Southern India and Java; II, The Coffee Industry of 
Java, East African Agr. Jour, of Kenya, Tanganyiha, Uganda and Zanzibar, VoL 2, pp. 149- 
163, 1936. 
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adopted depends according to circumstances, but whatever system is carried out 
it may be relied upon to be 100 per cent efficient.” 

Under the Dutch system, the holes for planting are dug at least a year 
in advance, after which the whole area is sown with some green manure 
crop. To reduce erosion further, contour terraces and silt pits are com- 
monly employed, either separately or jointly (Fig. 349). The silt accumu- 
lating in the trenches is cleared out and spread over the field, or new 
trenches are dug to replace those which have become filled. In all cases, 
provision is made for drainage of excess water. 






Fig. 350. — Intensive utilization of sloping land for production of rice. Java. {Courtesy y 
W. A. Foot and Travelers^ Official Inf. Bureau of Bataviay Java.) 

In Java, the first of the hill crops requiring scientific assistance was 
coffee. In order to maintain profits by reducing the cost of production, 
L. J. Tijl (1890-1896) developed the weed system to replace the earlier 
clean cultivation of the land. This may be regarded as the beginning of 
modern hill culture in Java, which led to the development of analogous 
research in the United States.^ 

On rubber plantations, a form of applied ecology known as the forestry 
method has been employed of recent years to improve yields, reduce costs, 
and prevent erosion by the scientific maintenance of the humus content 
of the soil. Under ideal circumstances, clean cultivation is replaced by 
selective weeding in which desirable species are retained, the less desirable 
eliminated, and the rubber trees allowed to reproduce naturally. On badly 
eroded lands, even universally condemned weeds, such as stag-horn or 

^ Hopp, H., and Cunniff, H. A. ‘‘History of Bergcultuur and Bergcultures in Nether- 
lands East Indies.” Manuscript. 1937. 
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bracken, may temporarily serve the useful purpose of producing a cool, 
damp soil that favors the growth of more desirable species. 

Although Java has been outstanding in the development and applica- 
tion of methods for controlling erosion, these have been employed chiefly 
on European estates. In the rice lands, both European and native-owned, 
terraces are bunded to retain water, and erosion is almost nonexistent 
(Eig. 350). However, where upland crops are grown on native farms, 
erosion is general but has not as yet reached catastrophic proportions. 
In the future, they will require the same careful attention that has been 
given to the European-owned estates. 

The New World 

South Africa 

In a recent address, General J. C. Smuts expressed the opinion that 
'"erosion is the biggest question before the country today, bigger than 
any politics.” He spoke for the Union of South Africa, but his remark 
is applicable to many of the countries of the New World. In these regions, 
ready-made social and economic structures were imposed upon lands 
that had never before contributed to the wealth of the world. Changes 
came abruptly, and economic progress was rapid, but the civilization 
of the Old World was seldom completely adapted to the newlands. Political 
maladjustments were the first to receive attention, whereas agricultural 
problems were regarded as matters for individual rather than national 
concern. The new countries at first failed to realize that rapid develop- 
ment of agriculture would be accompanied by early and accelerated land 
deterioration. 

At the time of initial white settlement, the native populations of 
America and Australia were sparse, and nations developed unhampered 
by indigenous population. In Africa, by contrast, the native population 
was denser and increased rapidly with the establishment of peace and 
the control of disease. As long as population growth was held in check, 
soil wastage was not serious. The traditional practices of shifting cultiva- 
tion and grazing were not permanently destructive to the land if sufl3.cient 
time could be allowed for recuperation. Even the clearing of land by 
burning at first improved the quality of the vegetation. As the influx of 
white settlers reduced the amount of land available to the natives and 
restricted their mobility, primitive agriculture became more destructive. 

The Union of South Africa, like the southern Great Plains of the 
United States, is a young region; and in both areas, climate varies from 
subhumid in the east to desert in the west. Periods of drought and heavier 
than average rainfall occur at irregular intervals and may last for a few 
months or for a number of years. During the periods of heavier rainfall, 
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the area devoted to agriculture and grazing increases. Eetrencliment and 
economic loss accompany the droughts. 

In the early 1890’s, rainfall was above average, and South Africa had 
hopes of becoming a major wheat-producing area, but droughts had been 
recognized as a limiting factor as early as 1684, when settlers were ad- 
vised to keep on reserve a 2 years’ supply of grain. A century later, 
Sparrman^ warned the settlers that, if the misuse of the land continued, 
‘*the presage of the country people may chance to prove true, viz., 
that many spots now inhabited and cultivated must be relinquished and 
suffered to lie waste.” Today, it is recognized that the native pastures, or 
veld, are the chief source of wealth in South Africa. 

Preservation of the veld was the chief aim of the drought studies 
initiated during the first quarter of the twentieth century. As investiga- 
tions continued, it was found that erosion was integrally associated with 
problems of drought and pasture management. The coordinated govern- 
ment attack on erosion began as a result of the publication of the final 
report of the Drought Investigation Commission,^ in 1923. 

Veld burning and the assembling of cattle in Jaraals at night, generally 
employed throughout the Union, have been direct causes of accelerated 
erosion and have prevented the natural recovery of pasture vegetation 
after droughts. The custom of veld burning was traditional among the 
natives long before the arrival of Europeans and was readily adopted 
by the white settlers. As early as 1687, pasture deterioration as a result 
of repeated burning had been observed by Simon van der Stel, who 
issued the first placaat prescribing punishment for offenders. Severe 
scourging was the penalty for the first offense; and '‘the cord until death 
do follow,” for the second. Subsequent generations have passed laws to 
regulate burning, but no government of the past has been strong enough 
to enforce them. “The most pressing and necessary change in farm 
methods ” in South Africa, according to the Drought Investigation Com- 
mission, however, is the abolition of hraaling. This practice not only 
precludes natural recovery of overgrazed pastures but also results in the 
formation of cattle trails that serve as starting points for donga, or gully 
erosion. It has been calculated that the income of the Union from wool 
alone could be doubled if fencing and paddocking (in place of kraaling) 
were generally adopted. 

As a part of the program of veld management, experiments are now 
in progress to determine the pasture values of selected native and foreign 
grasses, methods of propagation, breeding possibilities, and the relative 

T. D. South African Pastures: Retrospective and Prospective, South African 
Jour. Sci.y Vol. 31, pp. 59-97, 1934. 

2 Union of South Africa Drought Inv. Comm. Final Rept., October, 1923, Cape Town, 
1923. 
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values of different grasses to serve as soil binders and to retard runoff. 
The Union of South Africa also recognizes the fact that the preservation 
of soil and natural vegetation is an obligation of the government, but 
financing such work presents a serious problem. 

‘‘We know that these undeveloped areas of natural veld are deteriorating 
rapidly under man’s management. To what extent is it in the farmer’s hands to 
remedy this ? As a business man, and a small one at that, he must make his 5 per 
cent to 10 per cent each year on capital invested. Thus, before we can advise him 
to sink more money in fences, water facilities, artificial pastures, etc., we must be 
sure that it will be worth his while financially, in the immediate present.”^ 

To encourage the installation of erosion-control works, South Africa 
has adopted a program of government subsidy for farmers. Under 
Scheme A, the control works are installed by the farmer at his own 
expense; and on their completion, the state pays a bonus of 33f per cent 
on the final valuation. Scheme B provides for loans from the Department 
of Agriculture and Forestry at 3| per cent interest, the capital to be 
repaid over a period of thirty years. Scheme C was established to encour- 
age the use of unemployed European workers during the depression. 
Since the beginning of economic recovery, it has suffered from lack of 
available labor, and farmers are now being encouraged to shift to Scheme 
A. As supplementary measures, Schemes D and E have been adopted to 
provide loans for the purchase of equipment and rebates on the cost 
price of fencing to be used for erosion control. 

By the conclusion of the fiscal year ending Aug. 31, 1937,^ over 
18,000 dams, at an estimated cost of £2,163,260, were approved under 
Schemes A, B, and C. These serve the immediate need of conserving 
water and increasing fodder production and, by facilitating proper veld 
management, help prevent future erosion. Because the reclamation of 
eroded areas has lagged, the government is considering new methods for 
encouraging and subsidizing gully control and the construction of contour 
banks. 

In spite of governmental effort,® many farmers still fail to realize the 
gravity of the erosion problem; others have insuflScient capital to install 
the necessary control measures; and still others feel that the government 
is trying to obtain control of their farms. 

^ Pasture Besearch in South Africa, Union of South Africa Dept. Agr. and Forestry, 
Progress Rept, 1, Pretoria, 1938. 

®ViIjoen, P. R. Strengthening Agriculture: Improved Agricultural Conditions in the 
Union, Annual Report of the Secretary of Agriculture and Forestry for the Year Ending 31 
August, 1937, Farming in South Africa, Vol. 12, pp. 471-517, 1987. 

^ NSthling, I. J. The Attitude of Farmers towards the Soil-erosion Scheme, Farming in 
South Africa, Vol. 13, pp. 113-114, 1938. 
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Whether South Africa will become another iminhabitable desert or a pros- 
perous pastoral people will depend on how quickly the mass of the people react 
to the Government’s extensive efforts in trying to arouse a national realization of 
the seriousness of the position with regard to erosion control and the necessity 
for keeping fewer but better animals on more productive pastures.”^ 

East Africa 

The countries of East Africa,^ from Southern Rhodesia to Somaliland, 
have essentially the same erosion problems (Fig« 351) because of simi- 
larity of relief, climate, and native customs. The low coastal plain i& 
backed on the west by mountains and semiarid plateaus whose elevation 
is sufficient to make the temperature suitable for white settlement. 

Agricultural and grazing customs are as widespread as are the 
racial groups. The Bantus, from Uganda to the Union of South Africa, 
practice shifting agriculture, employ fire for clearing the land and hunting 
game, and have an almost religious veneration for livestock. Before the 
era of white settlement, disease and intertribal war prevented rapid 
increase in population, and a delicate balance was maintained between 
the land and the number of people and animals that it supported. En- 
forced peace destroyed this balance, and the settlers brought with them 
methods of farming that were new to the natives. When these did not 
interfere with the traditional way of living, they were readily adopted. 
But practices that conflicted with the ingrained social and agricultural 
structure of native society, such as the limitation of the size of herds, 
were rejected even though necessary to maintain the productivity of 
the land. 

Of the East African countries. Northern Rhodesia approximates 
primitive conditions most closely. Although burning and shifting agri- 
culture have been practiced for centuries, most of the country is still 
forested, and erosion is negligible. But near the roads and railroads, 
plowing has become general; corn is supplanting finger millet; less land is 
devoted to ground nuts; and sweet potatoes are being planted flat instead 
of in hills. In spite of accelerated erosion, reversion to primitive methods 
of farming is not advisable if the land is to support an increasing popula- 
tion. The natives rather must be educated to use the plow in conjunction 
with mixed farming, green manuring, and the application of fertilizers. 

Even more dangerous is the premature growth of commercial farming. 
In Uganda, where the natives are producing cotton for export on large 

^Hall, T. D. South African Pastures: Retrospective and Prospective, South African 
Jour. Scl.y Vol. 31, pp. 59-97, 1934. 

2 Stockdale, Sir Frank. Report ... on his visit to East Africa, January-March, 1937. 
Great Britain Colonial Advisory Council of Agriculture and Animal Health. C. A. C. 345. 
[London.] 1937. 
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communal fields, year after year, gullies 2 or 3 feet deep frequently are 
formed during a single rain. 

As population increases, native methods of farming become more 
destructive. Hobley^ estimates that more than 1,000 square miles of ‘'mag- 
nificent primeval forest” in Uganda have been destroyed by the Southern 
Kikuyu tribes during the last 85 years. In sections of the Taita ranges 
of northern Tanganyika, 90 per cent of the cultivable soil has been 
removed since the forests were destroyed. Similar complaints come from 
Nyasaland, where immigration from Portuguese East Africa augments 


\ 



Fig. 351. — Land waste by erosion. Khodesia, Africa. 


the natural increase in population. According to Dr. Robert Law (quoted 
by Hobley), the mountains of the north were well wooded a hundred 
years ago and drained by perennial streams. Within his memory, 20 such 
streams have ceased to flow, and the agricultural capacity of the land 
has been reduced 50 per cent, chiefly as a result of sheet washing. 

Today, however, the most seriously eroding areas within East Africa 
are the overgrazed native pastures. Cattle tracks serve as foci for gully 
formation, and the pastures near the waterholes are overgrazed and 
trampled to such an extent that rainfall does not readily penetrate the 
soil. Erom these centers, overgrazing spreads outward until it may be 
necessary for the cattle to travel 20 miles to secure water. On exhausted 
pastures, cattle are replaced by the more destructive sheep and goats. 

1 Hobley, C. W. Soil Erosion: A Problem in Human Geography, Geog. Jour.^ Vol. 82, pp. 
139-150, 1933. Paper read at the afternoon meeting of the Society on May 8, 1933, immedi- 
ately after Mr. Champion’s paper. 
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When the ground cover is gone, the agile goats stand on their hind legs 
and browse on tree and shrub vegetation to heights of o or 6 feet. Near 
Lake Baring, in Kenya, Champion^ observed a line some 5 feet above 
the ground level below which no foliage had survived; it represented 
the upper limit of goat grazing. When goats have exhausted all pasture 
possibilities, nothing remains but an eroding, desertlike waste. 

Where education has overcome the native antipathy for reducing 
herds, the problem of adequate compensation remains. Scrub cattle can 
be used for beef extract, but only the skins of goats have commercial 
value — usually not more than 6 or 8 cents apiece because of their poor 
quality. Since other natives provide the only market for live goats, their 
sale represents merely the shifting of overgrazing from one area to 
another. 

Within the last decade, overgrazing has become especially acute in 
Kenya because of a plague of locusts lasting from 1929 through 1931, 
followed by a prolonged drought. In the northwest, where the rainfall is 
low and high winds prevail, it has been estimated that the Turkana Desert 
is advancing at a rate of 6 or 7 miles a year. In 1937, the Native Authority 
Ordinance made illegal the burning of live grass without the permission 
of the tribal headman, and the Crop and Livestock Kules authorized the 
scheduling of areas for controlled stocking, at the discretion of the District 
Commissioner. Grazing regulations have proved effective within the 
Machakos Reserve, where the surplus cattle are sold to the local Liebig 
beef extract factory, with a capacity for handling 30,000 head of cattle 
annually. 

In a zone 2,000 miles wide, straddling the equator (Map 17), the 
tsetse fly, the carrier of the fatal sleeping sickness, provides an effective 
check on the animal population. The infested area, comprising most of 
central and about half of the total area of East Africa, has been saved 
by the tsetse fly from erosion contingent on animal-drawn plows and 
overgrazing. 

The late C. F. M. Swynnerton, director of the Tanganyika Tsetse 
Research Department and the leader in this field of investigation, ques- 
tioned the right of our generation to eradicate the fly, saying^: 

“The tsetses are the most potent preservers of the natural flora and fauna. 
Drive out the tsetse and the whole landscape changes. The close settlements of 
the pastoral agriculturalists press in, very soon every tree and shrub is cut down, 
the ground is denuded of grass and for part of the year looks like desert, cultiva- 
tion covers much of it during the rains, and during the dry season its coarse and 

^ Champion, A. M. Soil Erosion in Africa, Geog, Jour., Vol. 8^, pp. 130-139, 1933. 

2 Swynnerton, C. F. M, The Tsetse Flies of East Africa: A First Study of Their Ecology, 
with a View to Their Control, Royal Entomological Soc. London Trans., Vol. 84, pp. 464- 
465, 1936. 
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untidy stubble adds to the ugliness of the scene that has replaced the beauties of 
nature. . . . Scrub cattle replace the fat game animals and, annually destroying 
their own grazing, die in large numbers from starvation. The ground, laid bare to 
the winds and rains, undergoes sheet or gully erosion according to its soil and 
gradient and becomes more devastated yearly.” 

Were it not for the tsetse fly, Tanganyika could support a far denser 
population, provided trees were preserved, soil-conserving methods of 



Map 17. — Showing areas infested with tsetse flies. Africa. {Adapted after Swynnerton.) 

farming adopted, and the number of livestock closely regulated. But 
Swynnerton continues: 

‘T do not believe that we have in the past shown fully our fitness to reclaim; 
hut I do think I see the cloud, as yet no bigger than a man^s hand, that indicates 
that the pleas of the apostles of anti-erosion are at last producing an impression, 
and that the land we reclaim in the future will be subject to regulated settlement 
and limitation of the numbers of its cattle. 

‘Tf I am right, we are justified in continuing to reclaim for the relief of 
existent erosion and the fuller development of the country.” 

On European estates, soil wastage has been less serious in pastures 
than on cultivated land. At first, no provision was made for erosion 
control, because plantation owners had had little experience with the 
problem in Europe, and because effort was devoted primarily to the 
rapid expansion of commercial farming. Uganda, in 1916, had but 133,000 
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acres in cotton; by 19£6, the cotton area had increased to 533,000 acres; 
and by 1936, to 1,500,000 acres. A part of the Serere Station was prac- 
tically denuded of soil within £0 years. Similarly, at the Makwapala 
Cotton Experiment Station in Nyasaland, erosion became so serious 
that, three years after its establishment, it was necessary to ridge-terrace 
the entire station. 

Following the example of Ceylon, Tanganyika inaugurated an inten- 
sive educational campaign to be followed by a systematic survey to 
determine whether or not erosion-control legislation was needed. Much 
the same policy has been adopted in other East African countries. In all 
of them, advice on erosion control is available, and most of the countries 
provide financial aid for work. Throughout East Africa, experimentation is 
in progress to determine, on a quantitative basis, the amount of erosion 
occurring under different types of land use. 

The reduction of crop yields as a result of erosion and the general 
world depression were felt almost simultaneously by the European land- 
owners. This is one of the major reasons for the success of erosion-control 
education. In Nyasaland, for example, control measures are in use on 
practically all of the European-owned tea estates. To the East African 
native, however, erosion control often means nothing more than an 
increase in the work needed to produce food. More frequently, it requires 
a reduction of stock and an actual curtailment of visible wealth. 

The most successful approach to the erosion problem has been 
through education of native leaders who, in turn, can influence their 
fellow tribesmen more effectively than can foreign agriculturists. Prac- 
tically all of the hill tribes of Tanganyika and a large number of the 
local native councils of Kenya now have erosion-control regulations, 
passed and enforced by the tribal authorities. The use that may be 
made of visual education is shown by a recent bulletin^ of the Soil Con- 
servation Service of the Department of Agriculture, Kenya, East Africa, 
whose attractive pen sketches illustrate the meaning of erosion and 
methods for its control on native farms. 

The increasing interest in erosion control, among both Europeans 
and natives, provides hope that the little ‘‘cloud’’ visualized by Swyn- 
nerton may grow until it effectively covers all of the countries of East 
Africa. 

West Africa 

Erosion has been less serious in West than in East Africa, although 
shifting cultivation and burning are characteristic of both regions. 
Equatorial West Africa still remains in almost its natural state; but in the 

^ The Evils of Soil Erosion and Ways of Preserving the Land, Eenya Department of 
Agriculture Soil Conservation Service. Nairobi, Kenya. 
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countries to the north of the Gulf of Guinea, European influence is 
greater. Along the coast are tropical lowlands, bordered on the north by 
a transitional zone of mixed evergreen and deciduous trees occupying the 
highly dissected margin of the interior plateau. The interior is semiarid, 
and its vegetation ranges from savanna on the south to thorn scrub along 
the desert margin farther north. 

The widely criticized indolence and primitive farming methods of the 
natives, combined with the prevalence of the tsetse fly and a climate ill- 
suited to white settlement, have preserved much of the tropical zone from 
erosion. The native garden plots are never clean- weeded; and under 
shifting agriculture, the land is not abandoned completely, as in Ceylon 
and the East Indies, but allowed to lie idle with a definite expectation of 
recultivation when the soil has recovered. 

Within the last half century, cacao has become an important export, 
particularly from the Gold Coast and Nigeria; but unlike commercial 
crop production in East Africa, it is grown chiefly by the natives on farms 
seldom larger than 10 acres. Although methods of cultivation are primi- 
tive, Van Halh advises against the introduction of improvements, such 
as wider spacing or clean cultivation, that would lead to accelerated soil 
wastage, unless sufficient care were given cultivation, ground cover, and 
shade trees. 

Because of steeper slopes and the prevalence of easily eroded soils 
in the central zone, the destruction of the forests is followed by rapid 
acceleration of erosion. Ainslee^ has described the eroded lands of the 
Udi plateau as ‘‘unsurpassed in ugliness and uselessness.” Much of the 
topsoil has been removed by sheet wash, and gullies have cut to depths 
of 100 feet. 

Erosion control was neglected until 1928, when the Public Works 
Department found that headward-cutting gullies were approaching 
dangerously near the main Udi-Enugu highway. A reserve was then estab- 
lished; and within it burning, grazing, and farming were forbidden. 
Rows of contour ditches were constructed in such a way that the inter- 
vening spaces of one row were directly opposite the ditches of the next. 
After partially leveling the walls of the steeper gullies, a few small earthen 
dams were built near their heads. The ridges bordering the ditches were 
seeded, and the remaining area forested. By 1936, the natural vegetative 
succession was completely restored, and further planting seemed 
unnecessary.^ 

^ Van Hall, C. J. J. “Cacao.” London. 1932. 

^ Ainslee, J. R. Soil Erosion in Nigeria. Britisli Empire Forestry Conference, South 
Africa, 1935. Kaduna, Nigeria. 1935. 

® Grasovsky, A. A World Tour for the Study of Soil Erosion Control Methods, Oxford 
Univ. Imp. Forestry Inst. Paper 14, Oxford, 1938. (Mimeographed.) 
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The natives of central and northern Nigeria have evolved a system 
of ridge and basin cultivation that effectively checks erosion. Contour 
trenches, dug with a hoe and interrupted at intervals by cross ridges/ 
collect the runoff and retain the soil washed from above. Although inde- 
pendently developed, the system resembles basin listing, which is now 
used successfully in California orchards and in other parts of the United 
States. 

In northern Nigeria and the adjacent French colonies, wind erosion 
already has become critical. Prophecies of increasing desiccation, how- 
ever, have awakened general interest in the problem of land deterioration. 
Outstanding authorities, including E. P. Stebbing,^ have stated that the 
area of blowing sand is spreading, that the water table has been lowered 
and rainfall reduced as a result of excessive clearing and cultivation, and 
that general southward migration of peoples from the edge of the Sahara 
into northern Nigeria has been caused by progressive desiccation or 
desert expansion. 

But all scientists do not concur in these opinions. Well borings indi- 
cate that the lowering of the water table is locaP and that the failure of 
wells usually is caused by neglect. Before the opening of the West African 
coast, trade crossed the Sahara; and by the establishment of towns as 
far north as possible, the length of the desert trip was shortened. When the 
trade shifted to the sea routes, southern locations were more desirable, 
and the population shifted accordingly. It is claimed by some observers 
that the more recent migration from the French Niger Colony to Nigeria 
has been caused by the digging of additional wells and tax reduction in 
the British territory rather than by desiccation. 

Tree planting is the most widely practiced method for reducing wind 
erosion. In the Katsina Emirate of northern Nigeria, a belt of dum palms 
about i mile wide is being planted along the international boundary. 
Trees set out in 1934 were growing well two years later. Supplementary 
strips of Dalbergia sissoo, oriented at right angles to the prevailing winds, 
proved less successful ; and as a substitute, all uncultivated areas of more 
than a square mile in extent are being protected from burning, cultiva- 
tion, and grazing and are allowed to revert to their natural condition. 
Following the example of Nigeria; the governments of the Gold Coast^ 


^ Stamp, L. Dudley. Land Utilization and Soil Erosion in Nigeria, Geog, Rev.^ Vol. 28, 
pp. 32-45, 1938. 

2 Stebbing, E. P. “The Forests of West Africa, and the Sahara; A Study of Modern 
Conditions.” London and Edinburgh. 1937. 

^ Jo^es, Brymor. Desiccation and the West African Colonies, Geog. Jout.^ Vol. 91, 
pp. 401-423, 1938. 

^ Marshall, R. C. Report on the Forestry Department for the year 1935-1936, Accra, 
Gold Coast, 1936. 
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and French West Africa are protecting existing trees and planting shelter 
belts to prevent further extension of areas of mobile sand. 

In northern Nigeria, the introduction of mixed farming, dairying, 
leguminous cover crops, and fertilization has been comparatively success- 
ful. The plow, however, is recognized as a dangerous introduction which 
may accelerate erosion unless Nigeria can profit by experience in other 
parts of the world. 

Australia 

Land exploitation in Australia and the consequent erosion are com- 
paratively recent. In the days of sailing vessels, distance alone was a 
deterrent, and the accounts of the early explorers did little to overcome 
prejudice against settlement in a region so remote. During the first 
half of the nineteenth century, colonization spread slowly along the 
eastern coast; and although the discovery of gold in the 1860’s stimulated 
settlement west of the mountains, the population of Australia seventy 
years ago was still under 1,500,000. Australia, long separated from the 
rest of the world by its surrounding seas, had retained many archaic 
forms of plant and animal life. Colonization brought not only new 
methods of cultivation but also new crops and animals. 

In any consideration of erosion in Australia, it must be recognized 
that the continental character of the country results in such great 
diversity of climate, topography, and land utilization that generalization 
is impossible. Australia is as large as the United States. The northern 
part, lying within the tropics, has summer monsoonal rains, whereas the 
southern coast has a marked winter maximum. Along the eastern coast, 
the rainfall is more evenly distributed. Toward the interior, the precipi- 
tation becomes progressively lower; a fourth of the continent has rain- 
fall averaging less than 8 inches a year. Correspondingly, the eastern 
coast and mountains originally were covered with dense eucalyptus 
forests, which give way toward the west first to mallee vegetation, con- 
sisting of isolated eucalyptus trees and a fair cover of grass; then to 
saltbush and bluebush scrub; and finally to mulga (scrub acacia) and the 
spinifex vegetation of the desert. 

The first settlers attacked the eastern forests with fire and axe to open 
farms and pastures and to supply the markets with eucalyptus, a wood 
hard enough to be used for cogwheels by the British shipyards. In the 
more arid and remote interior, wood was cut locally for fuel. With the 
cutting of the forests, the flow of rivers became less regular, sediment 
blocked the channels, and floods increased. Since 1886, the bridge over 
the Avon at Stratford, in Victoria, has had to be lengthened 600 feet 
because of siltation and river shifting; and on the Tambo flats, the pro- 



EROSION PROBLEMS IN FOREIGN COUNTRIES 933 


ductivity of some of the lower fields has been seriously reduced by sand 
deposits.^ 

The siltation of the Hume Reservoir, however, is of national concern 
because it is the largest source of irrigation water in the Murray drainage 
basin. This area, including the tributary Darling Valley, comprises one- 
seventh of the mainland of Australia and, together with the narrow 
coastal strip between it and the sea, contains three-fourths of the popula- 
tion. Although the River Murray Commisson reported in 19^8 that 
erosion was not serious nor silting excessive, it recognized the danger of 
future forest destruction. Further alienation of Crown Lands was pro- 
hibited, and lessees were forbidden to interfere with the native timber. 
In spite of this, extensive burning continues, and both erosion and sedi- 
mentation have increased since 19^8. 

The high mountain pastures are burned annually to remove old 
growth and improve the grass. Fires spreading to the forests are not 
checked, because they are believed to ‘'do no harm.’’ In 1930, forest 
burning, combined with unusually heavy rains, caused a landslide along 
the Geehi River, ^ a tributary of the Murray, damming it with an earthen 
wall 20 feet high. The course of the stream was diverted; and for two 
weeks thereafter, the river, for a distance of 15 miles, flowed mud instead 
of water. 

The enforcement of erosion control in the foothills and the lowlands 
is more difficult, because the land is privately owned and has been 
cleared of all tree growth. In the granite areas, gullies 50 feet deep have 
cut into the soil and bedrock; and at their mouths, fans of sand spread 
out over fields and pastures. Some of the gullies are discharging their 
sediment directly into the Hume Reservoir. 

In the semiarid lands west of the mountains, farms are large; and 
because of mechanized agriculture, the cost of wheat production is low. 
For a few years after the land was broken, crop yields were good. There- 
after, the story is much like that of the Great Plains of America. High 
prices combined with a succession of years with heavier than average 
rainfall, from 1915 to 1926, caused an overexpansion of the wheat area. 
The soil, pulverized by frequent plowing and reduced in content of 
binding organic matter, became susceptible to blowing during the 
recurrent droughts and to sheet washing and gullying during the rains. 
As much as 6 feet of soil have been removed by wind in some of the dry, 
sandy areas since settlement. 

^ Report of Committee Appointed to Investigate Erosion in Victoria, Victoria Depart- 
ment of Lands and Survey, Soil Erosion Committee. Melbourne, 1938. 

® Byles, B. Y. Report on a Reconnaissance of the Mountainous Part of the River Mur- 
ray Catchment in New South Wales, Commonwealth Forestry Bur. BulL 13, 193{i. 
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Farmers and herdsmen, advancing westward, encountered a more 
arid climate, characterized by frequent droughts. During the thirty-six 
years from 1900 through 19S5,^ the northwestern section of New South 
Wales experienced eighteen years of desert climate. To the east, the 
number of desert years decreased at an irregular rate. There were eighteen 
desert years at Wanaaring; but Walgren, 150 miles farther east, experi- 
enced but six during the thirty-six-year period. In 1929, the eastern 
interior of Australia was still suffering from a drought that had lasted for 
several years, and 1929 was the third successive year in which the South 
Australian Parliament had extended drought relief to farmers. Western 
Australia, however, had no drought that year. 

The diflicult problem of adjusting herds to such unpredictable climatic 
conditions is further complicated by the presence of hordes of rabbits, 
incidentally introduced by the early settlers. The rabbits devour the 
succulent young vegetation and force the sheep to overgraze the perennial 
saltbush and bluebush, even in good years. Although their number 
decreases rapidly during droughts, rabbits multiply with equal rapidity 
when the rains begin and consequently prevent natural regeneration 
of vegetation. Before settlement, only the annual vegetation died during 
droughts; and although some wind erosion occurred, the saltbush, blue- 
bush, and mulga prevented widespread destruction. When the perennial 
vegetation is destroyed, no reserve of food remains for the herds, and 
wind erosion is unrestrained. 

The effects of wind erosion are not limited to the livestock industry. 
Between 1929 and 1931, the Victorian Sand Drift Committee, which 
controls 4,000 miles of river channels, spent over £300,000 clearing sand 
drift from watercourses. The Railway Department spends large sums 
annually to maintain service in areas of drifting sand.^ 

Among the suggestions for the control of erosion on pastures are the 
resting of paddocks and the fencing of small areas to permit natural 
regeneration and seed dispersal, but regeneration is slow in areas of scant 
rainfall. The control of rabbits would undoubtedly help, but rabbit- 
proof fencing, the digging out of burrows, or even the plowing of strips 
across pastures may be too expensive for land of low value. A better 
remedy probably would be the regulation of grazing and the rejuvenation 
and preservation of indigenous perennial vegetation. For the Western 
Division of New South Wales, where the land is still owned by the 
Crown, the suggestion has even been made that, in the long run, it would 

^ Holmes, Macdonald. The Meaning of Soil-erosion, Univ. Sydney Puh. Geogra'phy 1, 
Sydney, Australia, 1938. 

^ Richardson, A. E. V. The Problem of Soil Erosion in Pastoral Areas, Pastoral Rev.y 
VoL 45, pp. 1055-1057, 1935. 
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be cheaper to pension oflf the 18,500 pastoral inhabitants than to allow 
the land to degenerate and then spend vast sums on reclamation.^ 

The Australian Council of Agriculture has decided that erosion has 
become a sufficiently important national problem to justify investigation 
by the Council for Scientific and Industrial Eesearch.^ A preliminary 
survey of the nature, extent, and possible control of erosion already has 
been initiated under the direction of P. N. Ratcliffe. In this way, it will 
be possible to evaluate the divergent opinions on erosion, some of which 
tend to stimulate interest in the national menace, and others to under- 
estimate the extent of the problem, often from the standpoint of national 
pride. 

The new act establishing the Soil Conservation Service in New South 
Wales provides for procedures that in many ways are similar to the 
provisions of the soil conservation districts acts recently passed by 36 
states of the United States (see A Standard State Soil Conservation Districts 
Law^ prepared, at the suggestion of representatives of a number of states, 
by the Soil Conservation Service, United States Department of Agri- 
culture, 1936). 

The following statement with reference to this soil conservation bill 
is given below®: 

“Until a few months ago, it was possible for most of us to read with com- 
placent interest of enormous losses of soil in the American ‘dust bowl’, and of the 
spectacular effects of water erosion in other parts of the United States. But 
Australians have now been shocked into the realization that the devastating 
forces which have ruined, or are even now attacking a sixth of the area of the 
United States, are at work here. Wind in the West and water in the eastern areas 
are stealing our soil. Pasture improvement, crop rotation, improved cultivation 
and manuring have bolstered up production against the natural drain upon the 
earth’s fertility. But erosion, the greatest depleting agency of all, has worked 
unhampered. It has even been encouraged by some of the recognized methods of 
farming, until the damage has become so obvious that the State has been forced 
to act. 

“Investigations had been proceeding in New South Wales for about five 
years, but until the introduction last month of the Soil Conservation Bill public 
interest had been aroused only spasmodically. It is perhaps unfortunate that we 
shun the spectacular methods of American publicity for national questions of this 

^ Holmes, Macdonald. The Erosion-pastoral Problem of the Western Division of New 
South Wales, Univ, Sydney Puh. Geography % Sydney, Australia, 1938. 

2 Richardson, A. E. V. Shifting Sands — ^The Growth of the Menace in Australia, Proc. 
Royal Geog. Soc. Australasia, South Australian Branch, Sess. 1934-1935, Vol. 36, pp. 43- 
51, 1936. 

® Anonymous. The N.S.W. Soil Conservation Bill, Australian Inst. Agr. Sci. Jour,^ 
Vol. 4, pp. [121H23, 1938. 
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kind. A wider and more vigorous public appeal might have saved some of our 
valuable wheat lands years ago. No doubt some areas were saved through the 
co-operation of farmers with departmental experts, for the control of water ero- 
sion in its early stages is a simple matter. But action on a wider scale needs legisla- 
tive support and the establishment of an authority to deal with this matter and 
nothing else. That is what the new Bill will do. It has passed both Houses of 
Parliament, and will shortly become law. It is the first legislation of its kind in 
the Commonwealth, and it is to be hoped that it will inspire similar legislation in 
other States. 

“The basis of the Bill is co-operation between the landowner and a special 
Soil Conservation Service. It is not intended to deal with what might be termed 
normal, geologic erosion, but with the accelerated erosion which is due, largely, 
to the efforts of man. It is in this sense a measure of insurance against further 
loss of capital, for the surface soil of a country is its richest asset. It has become 
the custom in Parliament to attach to each important Bill a short explanatory 
note. We can do no better than quote the note attached to this Bill for a descrip- 
tion of the things it sets out to correct : 

“'The continued losses of the surface soils of our rural lands as a consequence 
of erosional action, the depreciation of vast tracts of grazing areas from the same 
causes, the siltation of water storages, the increasing liability to floods following 
abnormal run-off through vegetative denudation, the erosion of river banks and 
associated damage to adjacent lands, demand that a rational soil conservation 
policy be initiated and vigorously pursued in the interests of every person in 
the State.’ 

“The new Service will thus have a vast field in which to operate. Its first work 
probably will be a reconnaissance of the damage caused by the erosional forces of 
wind and water. The areas particularly liable to serious erosion will be indicated, 
and the landowners concerned will be invited to enter into voluntary agreements 
with the Service with the object of mitigating erosion. They may receive ad- 
vances out of moneys provided by Parliament to have the work done. Owners will 
not be forced to mitigate erosion purely in their own interests. Only when damage 
originating from an owner’s land is causing deterioration of the lands of adjoining 
owners, or of existing national works, will there be any element of compulsion. 
At the outset, there was a good deal of apprehension among farmers about this 
compulsory provision, but fuller discussion, in Parliament and at various farmers’ 
conferences, appears to have satisfied most people that 90 per cent of the Soil 
Conservation Service’s work will be based on voluntary co-operation. The 
method to be adopted with private lands is interesting. Section 17 of the Bill 
states: 

“ 'Where the Minister is of opinion that any tract of land is subject to erosion, 
or is liable or likely to become liable to erosion, and that such tract of land should 
be notified as an area of erosion hazard, he may, by notification published in the 
Gazette, and in a newspaper circulating in the locality in which such tract of 
land is situated, give notice that such tract of land should be notified as an area of 
erosion hazard.’ 

“Owners concerned may then lodge objections, and if these are rejected by 
the Minister they may appeal to the Land and Valuation Court. When the area 
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has been notified finally, the Director of the Service may be authorised to enter 
upon any specified land therein and initiate any work considered necessary, but 
not unless (a) the Minister is satisfied that work on the land is necessary to pro- 
tect other land in the area, (b) the owner has neglected or refused to enter into 
an agreement, and (c) the owner has been given notice, against which, again, he 
may lodge an objection. A further provision empowers the Minister to demand 
contributions from such owner towards the cost of the work done on his land, 
and again there is a right of appeal. Thus the compulsory provisions of the 
measure appear to be hedged about with adequate safeguards. 

“The Government has been careful to point out that it would be impossible 
for the State to carry out anti-erosion work on every farm requiring it. It is 
intended to limit the main activities in agricultural and grazing lands to districts 
where requests for assistance originate, and where urgent action is most necessary. 
Whatever work is done on private properties, according to a Ministerial state- 
ment, will be done in districts where the voluntary co-operation of the farmers is 
assured. 

“It appears, then, that precept and example will be the two big factors in the 
work of combating erosion. The need for soil protection is so urgent that the 
Conservation Service must become almost at once one of the most important of 
all Government agencies.’’ 

Canada 

In Canada, the problem of erosion ceases to be “foreign."’ The bound- 
ary between the United States and Canada is purely political; and erosion, 
like climate and vegetation, takes no cognizance of this arbitrary line. 
Similarly, settlement spread from lower, or French, Canada to New 
England. In both areas, the farms were long and narrow so that each 
settler might have direct access to river or highway transportation. 
The shape of the farms was in itself conducive to erosion; and in addition, 
French agriculture was notably backward. Wheat was grown year after 
year ; and during the winter, the manure from the barnyard was dumped 
on the ice of the St. Lawrence so that this ‘^useless encumbrance” might 
be washed away by the spring thaws. By the beginning of the nineteenth 
century, yields were so reduced that wheat lands were being abandoned. 

Although the British settlers in upper Canada were better and more 
progressive farmers, their lands gradually deteriorated, and floods are 
said to have become more frequent as the forests were removed. On the 
impoverished fields, dairying and mixed farming superseded wheat. 
In Ontario, cheese manufacture, which made possible the agricultural 
change without financial loss to the farmers, was introduced via the 
Mohawk Valley by westward-moving pioneers and British loyalists from 
the newly established United States. 

The Prairie Provinces remained under control of the Hudson’s Bay 
Company until 1870, when they were purchased for a nominal sum by 
the Dominion of Canada. Although the land had been surveyed before 
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it was opened to settlement, population advanced westward in spite 
of the advice of surveyors like Palliser.^ 

As in the Great Plains of the United States, profits from newly opened 
wheat fields were at first large; but within a few years, yields began to 
decline, and wind erosion made its appearance. Near Indian Head, 
Saskatchewan, drifting was recorded as early as 1887 ; the first intensive 
effort to control it was initiated in 1918 in the vicinity of Monarch, 
in southern Alberta. Because farmers had noticed that the soils within 
10 or SO yards of the western margins of their fields were the last to show 
signs of blowing, strip cropping was introduced. So successful were their 
efforts that today the Monarch area is considered the outstanding example 
of erosion control on land susceptible to blowing.^ 

Of the 50 million acres of grain land in the Prairie Provinces, about a 
fourth is left fallow and exposed to wind erosion each year. Although 
drifting attracts greatest attention during the dry periods, the soil re- 
cuperates slowly, and reduced crop yields are said to continue long after 
the conclusion of the droughts. By 1985, erosion was so widespread and 
the reduction of crop yields so serious that the Prairie Farm Rehabilita- 
tion Act was passed by the Dominion Government to assist in the 
reclamation of eroded farm lands and to develop and promote systems of 
farming, tree planting, water conservation, and land settlement that 
would afford greater economic security to the farmers. During 1935-1936 
and 1936-1937, appropriations of $780,000 a year were granted for re- 
habilitation; and for 1937-1938, an appropriation of $^,000,000. 

In order to forestall damage to farm land by drift from neighboring 
fields, the Alberta Control of Sand Drifting Act of 1936 holds each farmer 
responsible for damage to neighboring land if it is a result of drifting 
caused by his own negligence. No claim for damage, however, may be 
made unless the claimant has installed on his own farm the precautionary 
measures prescribed by the Act. 

On the short-grass range lands of southwestern Saskatchewan, 
southern Alberta, and the foothills of British Columbia, erosion did not 
become serious until after 1915, when a series of dry years caused over- 
grazing and resulted in general range deterioration. This led to the 
establishment of the Dominion Range Experiment Station at Many- 
berries, Alberta; and following the drought of the early 1930’s, a branch 


^ Palliser, John. Journals, detailed reports, and observations relative to the exploration 
of that portion of British North America which in latitude lies between the British boun- 
dary line and the height of land of the Northern or Frozen Ocean, respectively, and in longi- 
tude between the Western Shore of Lake Superior and the Pacific Ocean, during the years 
1857, 1858, 1859, and 1860. British Parliamentary Papers. 1863. 

^ Hopkins, E. S., Barnes, S., Palmer, A. E., and Chepil, W. S. Soil Drifting Control in 
the Prairie Provinces, Canada Dept. Agr. Bull. (New Series), No. 179, 1937. 
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station was opened at Kamloops, B. C., in 1935. Th.e pasture and range 
management investigations at both stations are directed toward the 
prevention of overgrazing, a major cause of soil erosion. 

In both the northern Great Plains of the United States and the 
Prairie Provinces of Canada, the causes of erosion and the techniques 
employed for controlling it on farm and range lands are essentially the 
same. Canada, however, still has one opportunity that no longer exists 
in the United States. The Peace River Valley is today a land of agricul- 
tural pioneers where the application of control measures may forestall 
the need for later reclamation. 





Chapter XLII. Research, an Arm of 
Coordinated Land Use 


A growing realization of the menace of erosion during the past few 
decades has given rise to numerous investigations into the scientific 
aspects of soil and water conservation and land use by agriculturists 
of the states and of the Federal Department of Agriculture. Most reassur- 
ing, however, is the purpose of the nation behind the Soil Conservation 
Act of 1935. Congress, in this Act, adopted the policy to provide for a 
permanent agriculture in the prevention and control of erosion as it menaces 
the national welfare. This Act of 1935 marks the beginning of a new era 
in the relationship of the American people to its land, a transition from 
exploitative to conservative use of land. Only a beginning has been made, 
however, in the direction of permanent conservation of the soil resource. 
A long road of discovery, adjustments, and refinements in the science 
and practice of soil conservation lies ahead. Advance along this road must 
not be delayed, for the ravages of erosion proceed uncompromisingly 
with every rain and dust storm. 

Even with past attention to this problem, the science and practice of 
soil conservation have lagged behind other phases of agricultural science. 
The effect of soil wastage has been obscured or nullified for the time by 
other gains, such as the development and large-scale use of fertilizers, 
improved agronomic practices, and improved varieties and hybrids of 
crops. An urgent need in agricultural science today is to bring up into 
line the science and practice of soil conservation. 

As an aid to planning and work on the land, a continuing program of 
integrated research is essential to the success of a national program for 
soil and water conservation and correct land use. It will not be enough 
merely to find new and more efficient methods for supplying the physical 
needs of the great diversity of land types in the interest of such pressing 
problems as conservation of soil, water, grass, forests, and wildlife. These 
are tremendously important problems and must be solved. But it is also 
important that better methods be found through which these ends can 
be accomplished so that the results will accord with the economic and 
social needs of those who live on the land. Conservation of soil and water, 
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control of floods, and establishment of wildlife refuges and recreational 
and forest areas through methods that force people off the land, although 
necessary in some localities, will, if pursued without due regard for the 
needs of the entire nation, lead eventually to insurmoimtable difficulties. 
Accomplishment of proper land use will, of course, necessitate the removal 
of some people from some areas, chiefly submarginal; but mathematically, 
the process cannot go beyond the productive capabilities of the land 
available for population transfer. 

Problems Inyolved 

Defense of lands upstream may be necessary for the protection of a 
reservoir or of farm land downstream, on which the welfare of those living 
in the lower part of a valley may depend. Availability of farm land; tax 
delinquency; the debt situation; prices, transportation, market, and 
school facilities; and even the character of the people may all bear upon 
the complicated problem of soil and water conservation and properly 
balanced types of land use. Soil conservation technicians, geologists, 
climatologists, economists, sociologists, educators and other specialists 
are collectively confronted with the necessity of finding practical solution 
to these complexly related problems. 

The problems involved in a national program of proper land use are 
almost endless; many of them are inseparably interrelated and cannot be 
solved independently. Some of them lead into fields of conservation not 
ordinarily thought of as pertinent to the land. To illustrate: Because of 
the development of marshes and stagnant pools of water in some localities 
through the filling of stream channels with the products of erosion, ma- 
laria has become a menace to the population, where formerly the disease 
was unknown. Mosquito control by draining the marshes would be 
only a temporary palliative, if erosion should be permitted to continue 
over the uplands. Coordinated research and work in drainage, soil con- 
servation, and entomology are needed here to help solve the problem. 

Education needed to awaken the rural and urban population of wind- 
erosion areas and adjacent territory to the need for control of soil blow- 
ing undoubtedly could be helped through the results of research into the 
health hazards involved with dust storms. Accordingly, the assistance of 
research in matters pertaining to the science of medicine is needed in 
connection with conservation and land-use programs. 

General acceptance of water and soil conserving measures, such as 
introduce radical changes in the details of surface configuration — ^ter- 
races, diversion ditches, contouring, basin listing, etc. — involves the 
development of farm machinery that will operate efficiently under man- 
imposed alterations of the topography of the land. 
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Long-established practices of reducing cultivated soil to the finest 
possible condition of tilth have so increased the hazards of runoff and 
erosion in many localities that the physicist must be asked to help with 
the problem of determining what can be done to improve cultural opera- 
tions of this nature. 

Some types of stream-borne sediments are deposited much more 
rapidly than others of the same textural class because of the chemical 
nature of the solid-liquid flow. In other instances, sedimentation is more 
rapid from summer floods than from cold-weather floods, probably 
because of bacteriological conditions. Accordingly, the help of the chem- 
ist, the bacteriologist, and the climatologist is needed in that phase of 
erosion effect which has to do with the shoaling of streams, reservoirs, 
harbors, drainage ditches, and irrigation canals. : 

Plans for a comprehensive and properly coordinated national program 
of land use calls not only for the assistance of continuing research but for 
research in many specialized fields — in economics, sociology, ethnology, 
education, health, sanitation, medicine, engineering, climate and so on — 
all so coordinated as to meet the numerous, intricately involved problems 
pertinent to proper land use. Our experience on the land must be capital- 
ized, of course; but this will not be enough. Nor will it be enough merely 
to find out what one specialty has to offer. The combined forces of these 
specialties must be brought to bear on our land diflSculties, and this can be 
done only through integration — ^through the collective efforts of all per- 
tinent specialists looking at the composite aspects of the problem. 

Function of Research. 

Research in soil conservation involving causes and control of erosion 
must begin with the soil itself, including the normal processes of its 
formation and removal and its interrelations with plant and water 
resources. It must explore the nature, causes, extent, and effects of soil 
and water wastage under various types of agricultural use. It must 
determine and test fundamental, practical, and economically feasible 
means of conserving these resources by preventing undue wastage and by 
restoring those conditions conforming with needful and sustained land use. 
It must bring to bear on the problems involved several fields of science 
and practice and call into effective cooperation the agencies concerned 
with these special fields; it must develop, in cooperation with state agri- 
cultural experiment stations and other appropriate scientific and techni- 
cal agencies, a forward-looking program of basic and applied research 
for the various problem areas of the country. It must take part in fitting 
the findings of research to the land in accord with its needs and adaptabil- 
ities. It must assist in determination of the effects of land use on stream 
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flow and sedimentation. It must determine the economics of erosion and 
of its control from the viewpoint of the farmer as well as from that of 
the community and the public. 

Research Program of the Soil Conservation Service 

The research program of the Soil Conservation Service covers a 
variety of investigations pertinent to the execution of the responsibility 
of the Department of Agriculture in developing a sound and practical 
operating program of soil and water conservation on nearly a billion acres 
of land where erosion and water wastage are serious problems. The prob- 
lems attacked are those which arise in the conduct of field work now 
under way on 150 million acres of land in soil and water conservation 
demonstration projects and CCC camp areas, soil conservation districts, 
flood-control districts, and drainage developments in watersheds through- 
out the 48 states. The results and findings of research under this program, 
carried on in cooperation with other agencies of the Federal Government 
and states, are immediately tested in the field in order to facilitate effec- 
tive application in the action programs. The research program includes: 
investigations of soil characteristics basic to the development of measures 
for conserving soil and water; determination of the effect of cultivation 
and cropping systems on erosion and runoff; development of water 
conservation practices for agricultural lands in the arid and semiarid 
regions; control of wind erosion; determination of the effect of land use 
on flood flows and the characteristics of runoff from farm fields in the 
principal agricultural areas of the United States as a basis for the design 
of erosion-control structures, channels, and outlets; development of 
economical systems for safely removing and disposing of runoff water 
from farm lands; determination of the factors affecting the processes, 
rates, and control of reservoir, channel, and bottomland silting; climatic 
factors as they directly affect erosion; the relation of former land-use 
practices to the present erosion problem; the economic appraisal of 
erosion damage and soil and water conserving practices; testing of the 
efficacy of erosion-control plants; development of erosion-control prac- 
tices for farm lands unsuited to ordinary methods of cultivation, and 
development of more efficient and effective practices for irrigation and 
drainage of agricultural lands; and improvement of equipment used on 
land treated for soil and water conservation. 





Chapter XLIII. Soil Conservation 
Surveys 


In determining the major physical characteristics of the numerous 
kinds of land that must be dealt with in soil and water conservation work 
and land-use readjustments, a new technique has been developed by the 
Soil Conservation Service under the soil conservation surveys. These 
surveys give an accurate inventory of the physical characteristics of the 
land, without which it is not possible to plan effectively for the proper 
installation of the various measures that must be employed to control 
erosion and conserve rainfall in fields, on farms, and over entire water- 
sheds. These surveys show the dominant conditions of slope, soil, and 
erosion as well as the present vegetative cover, or the use now being 
made of the land. With these facts before us, it is generally possible, 
within a sound economic pattern, to make effective use of the various 
measures required to meet the needs and adaptabilities of the different 
types of land, so applied that what is done in one field contributes protec- 
tion to an adjacent field, or an adjacent farm, or to some area or property 
downstream, and so also that one control measure supplements another, 
where several are used on the same area. Without this information, 
obviously, no such treatment is possible. Therefore, accurate farm and 
ranch surveys are essential to the execution of the best possible job of 
land protection, water conservation, and land-use adjustments. 

Needed readjustments in the use of land may sometimes call for the 
removal of people from one section to another — ^from land too severely 
washed for practical rehabilitation to land of productive value. Such 
movements, however, cannot go beyond the productive capacity of the 
land available for the transfer. Difficulties involved with transfers of 
this kind indicate the importance of the relationship of land of one 
locality or farm or range to the land of some other locality. Without 
adequate land surveys, eflScient planning and assistance for those who 
are on the point of being forced off the land by advancing erosion cannot 
be achieved. 

The necessary readjustments in the physical patterns of land use 
referred to under Interior West-Gulf Coastal Plain,’’ Chap. XXX, 
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Part 2 , were carried out on the basis of very careful surveys of each 
farm, showing not only the kind and distribution of the soils, slope 
gradients, erosion, and land use but such additional features as field 
boundaries, fences, drainageways, and farm buildings (see Fig, 261, 
Chap. XXX, Part 2). Additional information was acquired also — informa- 
tion with respect to the economic situation of the land operators. 

Soil Conservation Surveys 

The basic physical factors involved with sound planning for conserv- 
ing soil and water, whether by farms or by large watersheds, are soil type, 
slope, land use or cover, and degree of and susceptibility to erosion.^ 

The land conservation survey, in other words, is a field inventory of 
these important physical conditions — a preliminary stocktaking to 
accumulate and classify the information necessary for efficient guidance 
of programs of erosion control, water conservation, and land-use readjust- 
ments. Other factors, of course, must be taken into consideration in the 
development of these programs. Economic and social conditions, includ- 
ing market and transportation facilities, land tenure, size of farm unit, 
indebtedness, taxes, prices, farm requirements, school facilities, and so on, 
influence the manner of using land and the practicability of soil defense 
measures; and they must be considered along with the basic framework 
of the physical environment. 

Grouping Physical Factors 

Soil character, degree of slope, and condition of erosion may vary 
widely within a very small area, even within the limits of a single farm 
field. For practical purposes, then, all physical variations that definitely 
affect erosion potentials and adaptable types of land use must be indi- 
cated on a map. In order to avoid confusion through multiplicity of 
detail, it is necessary to group the numerous variations entering into the 
physical complex. For instance, it is necessary to establish definite slope 
groups for particular types of soils, in order to express the correct meaning 
of the dominant slope factor in relation to the practical use of the land and 
to avoid mapping every slight change in gradient. The same holds true 
with respect to the soil and the degree of erosion. Not only must each land 
factor or group of factors be classified separately, but the several factors 
affecting a given area must be classified for each parcel of land mapped, 
in order to express, in a practical way, distinctive land conservation 
significance. 

Soil Conservation Survey Handbook. U. S. Department of Agriculture Misc, Pub. 352, 
1939. 
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System of Mapping 

What is actually done in showing the areal distribution of soil types, 
slopes, and erosion conditions on a soil conservation survey map is the 
superimposing of three separate classifications one upon another in such 
a way as to develop a readable three-factor chart. Each delineated area 
on the map carries a composite symbol showing the soils, slope gradients, 
and conditions of erosion (see Fig. 356). The use that is being made of the 
land — pasture, cultivation, forest, idle — is indicated separately, usually 
by color or hachures, 

f 

Major Physical Factors Affecting Erosion 

Soil. Since soil is the thing actually affected by erosion, and since 
its character greatly influences rates of infiltration, runoff, and erosion, 
it is necessary to give full consideration to its principal characteristics 
for every area shown on the map. It is necessary to present these char- 
acteristics not only for the topsoil but also for the successive layers of 
the profile down to and including the parent or geological materials. 
Among the more important characteristics affecting infiltration of rainfall, 
retention of moisture, susceptibility to erosion, and productivity are the 
texture, structure, content of organic matter (in the upper layers), 
prominent chemical features, and thickness of the main soil horizons or 
layers. Soils are classified in accordance with these and other pertinent 
considerations, such as color, origin, and climatic environment, into 
types and series or groups. 

Slope. Both gradient (steepness) and length of slope profoundly 
affect rates of runoff and soil removal and, indirectly, the amount of 
moisture absorbed by the soil. Where the land is steep, and the cover 
thin, the combined effects of erosion and mass movement often prevent 
the development of deep soils with well-defined profile features. Also, 
steepness of slope affects the feasibility of cultivation and adaptability 
to grazing. 

For purposes of practical mapping, slopes are classified under five 
broad groups of gradient ranges, indicated by the letters A, B, C, D, and 
E. Group A includes level to gently sloping land where active water erosion 
is not in evidence; groups B and C cover moderately sloping areas on 
which erosion is either active or a hazard but controllable under annual 
cultivation — with simple practices for B slopes and complex practices 
for C slopes; group D comprises those steep slopes where erosion is active 
or so hazardous that the land should be plowed only to seed a protective 
crop of grass or other dense cover; and group E includes those very steep 
slopes where the land is so credible that it should never be plowed. 
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These group definitions apply to all soils, but the range of gradient 
within apy group may vary for different soil types or groups of types 
according to variations in degree of erodibility. For example, the absorp- 
tive Cecil sandy loam, occurring extensively over the southern Piedmont, 
normally can be cultivated with safety on slopes as steep as 8 to 10 per 
cent, with proper treatment; whereas the Iredell sandy loam, an associated 
soil, because of physical characteristics that make it less absorptive of 
rainfall, cannot be cultivated safely on slopes exceeding 5 or 6 per cent. 

Erosion. Most of the major land ills, where the soils are not inher- 
ently poor, such as decreasing productivity, increasing runoff, and 
increased resistance to tillage, are directly traceable to erosion losses. 
The degree to which the soil has suffered from erosion as the result of 
past treatment is of great importance in planning the future use and 
treatment of a given tract of land. For example, a productive soil having 
a depth of 10 to inches of friable, loamy topsoil over a raw, clayey 
subsoil and capable of being cultivated readily on slopes up to 10 or 12 
per cent presents a very different farming problem from an area, origi- 
nally the same, that has lost half or three-fourths of the productive surface 
layer. 

The classification of erosion is so designed that this factor can be 
correlated with other important physical characteristics of the land and 
so aid in determining adaptable and necessary land-use and conservation 
practices. The facts determined with respect to the characteristics 
of soil, slope, and erosion also make it possible to appraise, at least 
approximately, the susceptibility of a given area to erosion and so to 
devise necessary protective treatment, even for a newly-cleared, uneroded 
area. 

Classification of Erosion 

Erosion, in general, is classified into two broad categories: normal 
erosion and accelerated erosion. 

Normal, or Geologic, Erosion 

Normal erosion pertains to soil movement under natural environ- 
mental conditions, as under a cover of grass or trees. Rates of soil re- 
moval are generally imperceptibly slow where the land is thickly covered 
with vegetation (Fig. 352). Naturally bare or slightly vegetated areas, 
such as occur in some parts of low-rainfall areas, erode more rapidly. 
Erosion is also more rapid in many depressions where water ccmcentrates 
and on precipitous slopes. 

Normal erosion is caused by water or wind or the two combined. The 
principal classes are: sheet erosion by water, sheet and gully erosion 
by water, and wind erosion. 
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Accelerated Erosion 

Accelerated erosion pertains to speeded-up removal of soil by water 
or wind following removal or impairment of a stabilizing cover of vegeta- 
tion. It is separable into two general classes: naturally accelerated erosion 
and man-induced, or artificial, erosion. 



Fia. 35^. — Above, no erosion, class (0) — never cultivated. Below, stabilized erosion, 
class (38) — formerly cultivated and abandoned because of erosion. Stabilized by second- 
growth pine. {Photographs by Soil Conservation Service.) 

Naturally accelerated erosion results from extreme changes in the 
environment, such as those produced by severe drought, lightning, plant 
disease, snow slides, and rock avalanches. Erosion thus started is in- 
dicated on the land conservation maps by combining the symbol for 
normal erosion with that for accelerated erosion. For example, naturally 
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accelerated water erosion would be shown as W^, W3, etc.; normally 
accelerated sheet and gully erosion would be indicated by the symbols 
WS7, WS8, or W9; normally accelerated wind erosion would be indi- 
cated by such symbols as WP and WR. 

Much of the advanced geological erosion, such as the badlands and 
“painted deserts” of the West, existed when the white man came to 
America. 



Pig. 353. — Above, sheet erosion (as classed in conservation surveys)^ class (2 ) — B slope. 
Tillage up and down slope. Rills can be obliterated by cultivation. Below, sheet erosion, 
class (3 ) — B slope. Incipient gullies between rows. Exposes the subsoil. {Fhotogra'phs by 
8oil Conservation Service.) 

Erosion accelerated as the result of man’s activities is classified as 
follows: 


Wateb Ebosion 

Sheet Ebosion. The constant removal of soil by rain and wind in 
more or less thin sheets from considerable areas is designated sheet 
erosion (see Chap. IV, Part 1). The classifications of sheet erosion are as 
follows (Fig. 353): 
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Fer Cent of Topsoil 
Removed 


Class 

0 No perceptible erosion 

1 Slight erosion 

2 Moderate to moderately 
Degree of soil removal un- severe erosion 

der the various classi- 8 Severe erosion 
fications of water ero- ,4^ Very severe erosion 
sion 

5 Exceedingly severe ero- 

6 Miscellaneous erosion 


Oto 25 

25 to 75 
75 to 100 

All topsoil and 25 to 
75 per cent of subsoil 
More than 75 per cent 
of subsoil removed 
Slips, catsteps, etc. 


Gullt Ekosion. Gully erosion (see Chap. IV, Part 1) is caused by 
the concentration of runoff water in unstable depressions that cannot be 
obliterated by tillage methods alone. They are classified according to 
size and frequency, as follows (Fig. 354) : 


Shallow gullies that can be crossed by ordinary tillage and harvesting 
machinery. 


Class Frequency 

! 7 Occasional gullies — over 100 feet apart 
8 Frequent gullies — ^less than 100 feet apart 
9 Very frequent or large gullies — 75 per cent or more of area 
actually in gullies 

Deep gullies that cannot be crossed by ordinary farm machinery : 


Resistant substratum: 

(@ Occasional 

Deep gullies — ^resistant substratum*^ (§) Frequent 

i ® Very frequent 

Unstable substratum: 


,7V Occasional 

Deep gullies — unstable substratum 8V Frequent 

9V Very frequent 


Accumulation of the Peoducts of Erosion. Accumulations of 
the products of erosion are indicated by the symbol + (plus) if less than 
12 inches in depth. If the deposits are deeper than 12 inches, classes such 
as I+, ^+5 and 3 + are established to indicate variations in depth. 


Wind Erosion 

The effects of wind erosion are indicated by the symbols 0, P, R, S, T, 
and U for soil removal and F, H, K, i, M, and N for soil accumulation 
(Fig. 355). 

The degrees of removal are expressed as follows: 
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Class 

0 No discernible erosion 
P Slight erosion 
R Moderate to moderately 
Degree of soil removal un- ^ severe erosion 
der. the various classi- Severe erosion 
fications of wind ero- T Very severe erosion 
Sion 

U Exceedingly severe ero- 
sion 


Per Cent of TopsoU 
Removed 

Oto 25 

25 to 75 

75 to 100 

AU topsoil and 25 to 75 
per cent of the sub- 
soil 

More than 75 per cent 
of the subsoil 



Fig. 354. — Above, very active gully eating back into farm land, class (9F) erosion. 
Below, destructive erosion on a moderately steep slope. All topsoil has been washed away 
and gullies have riddled the substratum, class (9) erosion. {Photographs hy Soil Conserva- 
tion Service,) 


Degree of accumulation (materials recently blown onto affected 
areas) is expressed as follows: 






Fig. 355. — Above, wind erosion, class (F ) — shallow accumulations. Soil drifting from 
untreated neighboring field, filling listed furrows of cultivated land. Below, severe wind- 
erosion removal, subsoil exposed, class (T). Close-up of subsoil showing plow marks of 
former cultivation. Topsoil all blown off. {Photographs by Soil Conservation Service,) 

The addition of a numeral suffix 1, or 3 to the class symbol indi- 
cates the percentage of the surface area affected by the various classes 
of accumulation: 

(1) Fl, Kli Ll indicates one-third or less of area affected. 

(2) F2, L2 indicates one-third to two-thirds of area affected, 

(3) FSi KSy LS indicates two-thirds or more of area affected. 

Undiffebentiated Erosion 

Various classes of erosion not shown separately on the land con- 
servation maps are indicated by such symbols as the following: 
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Soil scouring by floods is indicated by placing — (minus) before the 
symbol normally used; bank cutting is indicated by hachures; stabiliza- 
tion of erosion is shown by the use of a circumflex over the appropriate 
symbol for partial control (as 7 or R) and by overscoring the appropriate 
symbol for complete control (as 7 or R). 

Present Type of Land Use 

Four major classes and one miscellaneous class are employed in 
mapping present types of land use, as follows: (1) cultivated land; (2) 
pasture and grassland; (3) woodland; (4) idle land; and (5) urban areas, 
home sites, etc. These classes are defined as follows: 

Cultivated land: 

a. Land used for cultivated crops 
&. Fallow land 

c. Orchards 

d. Land seeded to grass, alfalfa, or other forage crops grown in regular 
rotation for hay; and meadows cut for hay and grazed in late season 

Pasture or grassland: 

Natural grazing areas and cultivated grass and legume lands devoted 
primarily to grazing. Wild grassland used solely for hay, land used for 
pasture in rotation, and pastured woodlands are not included 
Woodlands: 

Areas with 40 per cent or more of the ground covered by the spread of 
trees of all ages, and land devoted to forest plantations 
Idle lands: 

Idle land, with cover too scant for adequate protection or economic 
use other than possible food source for wildlife 
Miscellaneous : 

Urban areas, home sites, golf courses, etc. 

Ki nds of Land Conservation Surveys 

The two major types of surveys are detailed and reconnaissance. 

Detailed Surveys. This kind of survey develops a detailed inven- 
tory of all the dominant land factors. It is particularly applicable to those 
lands where intensive and diversified agricultural operations are carried 
on over a wide variety of physical land conditions, and where intensive 
planning is required. The scale of mapping is usually 4 or 8 inches to the 
mile; the base maps are enlargements of aerial photographs. Each area 
outlined on the field sheet is fully identified by a composite symbol 
showing the soil, slope, and degree of erosion. Cultural features are shown 
in colors. Examples of the variations shown by detailed mapping are 
given in Fig. 356. 



Fig. 356. 


Sheet erosion 

2 Slight. Less than 25 per 
cent of surface soil re- 
moved. 

3 Moderate. 25—76 per cent 
of surface soil removed. 

4 Severe. More than 75 per 
cent of surface soil, or 
all of surface soil and some 
subsoil removed. 

5 Very severe. Surface soil 
and subsoil removed, with 
erosion of parent material. 

Gullp erosion 

7 Occasional gullies. More 
than 100 feet apart. 

8 Frequent gullies. Less 
than 100 feet apart, but 
less than 75 per cent of 
area included in gullies. 

0 Very frequent or large 
gullies. Applied to a 
single deep gully or to 
an intricately dissected 
area. 

Miscellaneous 

1 No apparent erosion, 

-j- Recent alluvial or col- 
luvial deposits 

Stabilized erosion 

.. over symbol ^indicates 

stabilization f37)^ 


I -Cultivated or urban. 


Woodland. 


ExpI/ANatiow of SvaiBOif 
37B12 

37 = moderate sheet erosion 
with occasional gullies. 

B ~ slope, 3-7 per cent. 

12 — soil, Appling sandy loam. 


(Since publication of this sur- 
vey, slight revisions have been 
made m the symbols desig- 
nating the erosion and slope 
classes. The revised symbols are 
those used in the text.) 


cent 

A Nearly level areas 0-3 
with little or no ero- 
sion. 

B Subject to erosion 3-7 
when cultivated; con- 
trol practicable. 

C Too steep for prac- 7-12 
tical erosion control 
under clean cultiva- 
tion; suitable for 
close-growing crops. 

Z) Too steep for practi- 
cal erosion control if 
cultivated; suitable 
only for permanent 
cover. 


3 Alluvial soils, undifferen- 
tiated 

4 Wilkes sandy loam 

6 Helena sandy loam 

7 Congaree silt loam 

12 Appling sandy loam 

13 Appling fine sandy loam 

16 Cecil sandy loam 

17 Cecil fine sandy loam 

18 Cecil sandy loam and sandy 
clay undifferentiated 

t9 Cecil clay loam 
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In mappings the land is examined, on foot, with sufficient detail to 
determine the dominant characteristics of every acre. The large-scale 
base maps used for mapping farms usually enable the technician to keep 
his location with accuracy. Where this cannot be done, the mapping is 
executed by plane-table traverse. Slope is determined largely by use 
of the Abney hand level. The degree of erosion is determined at the time 
the soil type is identified, chiefly by comparing the profiles of eroded 
areas with uneroded or only slightly eroded lands, originally the same. 
Inspections of field work are made from time to time by regional inspectors 
in order to maintain uniformity and accuracy in the classification and 
mapping. 

Reconnaissakce Surveys. In these more generalized surveys, base 
maps of much smaller scale are used, usually 1 or >1 inch to the mile. The 
procedure is to make only enough examinations to determine the pre- 
dominant characteristics of erosion, slope, soil, and land use. In some 
areas of rough, broken country, base maps of still smaller scale are used, 
and the classifications shown are more inclusive. Such generalized maps 
are used for broad planning purposes and to indicate where detailed 
mapping is necessary. 

An example of how surveys of physical land factors help with the 
development of conservation programs for large areas is found in the 
Soil Conservation Problem-area Groups of Land map, covering 96,900,000 
acres in the Southern Plains, prepared by H. H. Finnell.^ This problem- 
area groups map is not a soils map nor a rainfall, topographic, or land-use 
map; it represents, rather, a map that isolates and labels those bodies of 
land where soil, climate, and appropriate farming practices are similar. 
This map was developed, however, from information shown on the Soil 
Conservation Reconnaissance Survey of the Southern Great Plains Wind- 
erosion Area,^ together with information supplied by climatic records, 
crop yields, and the results of actual work on the land. 

Adjustments in land use based on the Problem-area Groups map for 
the entire area surveyed are indicated in Fig. 857. 

Land-use Capability 

The physical facts determined by the land conservation survey can 
be evaluated in terms of land-use capability. Such capability is deter- 
mined by appraisal of the soil, slope, erosion, drainage, etc., in their 
collective relation to the capacity of the soil to produce under those 
practical methods of intensive use conforming with permanent main- 

^ Finnell, H. H. ‘‘Problem-area Groups of Land in tbe Southern Great Plains,” U. S< 
Department of Agriculture, 1939. 

2 ^oel, A. H. U. S. Dept. A^. Tech. Bull. 556, 1937s 



Fig. 357. — ^Needed adjustments as between cultivated and noncultivated land in tbe 
Southern Plains, based on survey of 96,900,000 acres. Column on left shows the way this 
land is now used; column on right shows the proposed improved use to meet the physical 
adaptabilities and needs of the land and the economic conditions. (Soil Conservation Service.) 
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tenance of the integrity of the soil. The classification, however, does not 
attempt to establish methods for applying the practices, measures, and 
treatments that may be required in any capability class. That determina- 
tion is a function of the operating technician collaborating with the 
farmer. 

This capability evaluation answers in a practical way the need for 
simplifying complicated survey data by grouping numerous technical 
separations into a small number of general classes adequately expressing 



Fig. 358.' — Land-use capabilities, by classes. (Photograph by Soil Conservation Sendee,) 
Class 11, B slope (5-8 percent) — class 2 erosion; requires simple conservation practices. 
Class III, C slope (B-15 per cent) — class 3 erosion; requires intensive conservation 
practices. 

Class IV, D slope (15-25 per cent) — class 37 erosion; suitable for legumes and hay only. 
Class V, E slope (25 per cent plus) — ^forest land only. 

the principal kinds of adaptable land use (Fig. 358). (Also see Pig. 44, 
Chap. IV, Part 1.) 

The following land-use capability classes have been established: 

Class L Lands that can be cultivated safely on a sustained-produc- 
tion basis for at least moderate to good yields of adaptable crops, with- 
out the need of special practices or treatments. Commonly recognized 
methods of good farming for the region are assumed. 

Class II, Lands that cannot be cultivated safely on a sustained- 
production basis for at least moderate to good yields of adaptable crops 
without the application of some special practice or treatment of simple 
character. Such practices might be contour cultivation, strip cropping 
with wide strips, improvement of drainage, removal of rocks or trouble- 
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some debris, soil amendments, simple rotations, or preservation of crop 
residues. 

Class III. Lands that cannot be cultivated safely on a sustained- 
production basis for at least moderate to good yields of adaptable crops 
without the application of intensive practices or measures, such as contour 
cultivation, strip cropping in narrow bands, terracing, tile drainage, 
fertilization, or systematic rotations. 

Class IV. Lands that cannot be cultivated safely under any plan of 
continuous use but that can be used safely for pasture grasses and tame 
hay with such limited cultivation as may be necessary to maintain a good 
cover. 

Class V. Lands that cannot be cultivated safely at any time and that 
are suitable only for permanent cover. 
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AAA, 668, 725, 782, 858; program, S35 
Abandonment of land, 232-236, 869; Cen- 
tral America, 246; Kentucky, 892; 
Southeast, 223-224 
Abbot, H. L., 256 

Abel, 16 ' 

Abnormal erosion, 94 
Abraham, 24 
Abrasion, 258 

Absorption, 198-199; of rainfall, 85 
Accelerated erosion, 94, 948-949 
Adams, John A., 894 
Adams dam, 894 

Aggradation of Rio Grande, 250-251, 272 
Aggregates, water-stable, 175; movement 
by water, 175 
Aggregation, 170 
Agricultural expansion, 16 
Agricultural experiment stations, 316, 942 
Agricultural implements, early plows, 877; 
improvement after 1860, 889; plow 
improvement, 883; Randolph plow, 
876; relation plow on row crops, 48; 
turnwrest plow, 45 
Agricultural periodicals, 883 
Agricultural rennaissance, 41 
Agricultural revolution, 907, 909 
Agricultural societies, 888 
Agriculture, basis of, 313; decline in Central 
America, 51-52, in Yucatan, 51-52; 
development modern system, 43-44; 
English system, 47 ; erosion effect Cen- 
tral America, 246-247; lowland, 44; 
Maya, 51; milpa, 51; northern Europe, 
43; one-crop, cash system effect, 893; 
open-field in Europe, 907; Palatinate, 
47; post-Revolutionary, 877; Roman 


practices, 17; Scotland, 45; sedimenta- 
tion effect, 253; Southern, 887, 891; 
Spanish practices, 17 ; streamload 
effect, 263; wet-land, 41 
Ahlson, C. B., 311 
Ainslee, J. R., 930 
Alberta Sand Drifting Act, 938 
Alexander the Great, 916 
Alfalfa, 390, 881 
Alfilaria, 417 
Allegheny Front, 673 

Allegheny-Ohio area, conservation, 674- 
675, 676; erosion, 674; geography, 674; 
land nse, 674; landslides, 675; soils, 
674-675 

Allison, R. V., 170, 203, 302, 498 
Alluvial fans, 277 

Alluvial plains, erosion in Southwest, 248 , 
249, 557; floods in Southwest, 249; 
floods along Rio Grande, 260 
Alluvium, flood relation, 600-601; mechani- 
cal composition, 81; Mississippi, 9; 
preagricultural (virgin) 81; profiles, 81, 
82 ; relation to land use, 81; source, 81 
Alps, 905-906 
Alsike clover, 391 
America, transformation of, 3 
American terraces, 445 
Andean terraces, 445 
Antelope, 572 

Antioch, decline in population, 28; early 
agriculture, 26-27; erosion, 25, 27-28; 
erosion control, 26; erosion debris, 25; 
excavation of, 25, 26; important early 
agriculture, 28; remains erosion-control 
structure, 28; silting, 26 
Appalachian, erosion, 255; increased floods, 
255; soil and plant ch'-nges, 231-232, 
234 
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Appalachian Valley, conservation, 656; 
erosion, 655-656; geography, 654; land 
use, 655-656; national forests, 656; 
soils, 655; topography, 655 
Archaeology, Celtic fields, 42 
Arid climate, 186, 192-193 
Arny, A. E., 388 

Aroostook, conservation, 682-683, 684; 

erosion, 683-684; geography, 682; land 
use, 682-683; soils, 683; topography, 
682 

Arroyos, 510 
Asparagus, 416 
Assorting process, 253 
Assortment, erosion products, 77 
Assyria, sandstorms, 23 
Atlantic coastal plain, adaptable cover 
crops, 373 

Atlantic-Gulf Coastal Plain, agriculture, 
619; area, 617; climate, 619; conserva- 
tion, 620; demonstrations, 622; ero- 
sion, 620-621, 622; Flatwoods, 638- 
639; Florida rolling sandy lands, 641; 
geography, 617, 618 (map) ; Gulf 
prairies, 639-640; land use, 620; Loess 
area, 629-630; Middle, 622-625; Missis- 
sippi- Alabama Black Belt, 627-629; 
Mississippi Alluvial Plain, 640; Rio 
Grande Plain, 638; soil and water con- 
servation, 622; soils, 619; subdivisions, 
617-618; Texas Black Belt, 633-637; 
topography, 617; Upper, 626-627; 
West Gulf Coastal Plain, 630, 632-633 
Australia, 932-935 

Australian Council of Agriculture, 935 
Austria, flood control, 906 
Austrian winter peas, 395 
Azotobacter organisms, 168 

B 

Babylonia, 28; expansion, 23; flood control, 
20; silt, 19; water conservation, 23 
Bacqueral, A. C., 597 
Badland erosion, 108 
Badland juniper, 412 
Badlands, 306, 727, 765-766 
Bailey, R. W., 810 
Bakewell of Dishley, 44 
Balcones Escarpment, 777 
Balk system, 372 


Balks, 41 
Ball, J., 37 

Bank caving, 553, 664, 666 
Bank contours, 41 
Bank erosion, 256 
Bank sloping, 665, 656 
Barnes, F. F., 267, 547 
Barnes, S., 938 
Barrages, 512 
Barrancas, 510, 860 
Barrett Reservoir, Georgia, 266 
Bartram, John, 869, 873 
Base exchange, 170-171 
Batten, H. M., 46 
Baver, L. D., 171, 174, 176 
Beach grasses, 401 
Bearberry (Kinnikinnick), 408 
Beaver, 574, 588 

Bed load, determination of by SCS, 258; 

need for information on, 256, 258 
Belgrand, E., 597 

Bench terrace, 866; California type, 447, 
448; Ceylon, 920; characteristics, 444, 
446; deficiencies, 446; development 
from ridge type, 446; history, 445; 
Java, 921, 922; mechanics of, 444-445, 
446; Peruvian type, 48; use in U.S., 
446 

Bench terrace (walled), flood control, 50; 
Incan construction, 49, 60; irrigation, 
49; valley-floor type, 50 
Bennett, H. H., 9, 55, 64, 169, 170, 203, 
223, 226, 227, 246, 248, 284, 302, 329, 
498, 601, 608, 610, 628, 806 
Bentley, H. L., 897 

Bermuda grass, 380, 381, 889, 894; early 
use, 880 

Bidwell, P. W., 882 
Big Bend (Columbia River), 825 
Biological activity, 312 
Biological forms, erosion, 167; runoft', 167; 
soil, 167 

Biological Survey program, 332-333 
Bird*s-foot trefoil, 417 
Bishop, F. C., 308, 312 
Bitterbush, 412 
Black dusters, 121 
Black Hills, 770 
Black locust, 415, 517 
Black plains, area, 760; Bottineau demon- 
stration, 762-764; climate, 761; con- 
servation, 761, 762, 763, 764; erosion, 
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762; geography, 760; land use, 761- 
764; soils, 760-761; topography, 761 
Blaney, H. P., 264, 278 
Blowout grass, 400-401 
Blue grama grass, 382, 383 
Blue Mountains, area, 829; climate, 830; 
erosion, 830; geography, 829; land 
use, 830; national forests, 829; soils, 
830; topography, 829; vegetation, 830 
Blue Bidge, agriculture, 653; climate, 653; 
conservation, 654; erosion, 654; geog- 
raphy, 653; land use, 654 r' national 
forests, 653—654; soils, 653; topog- 
raphy, 653 
Bluegrasses, 402 
Bluestem grasses, 399, 400 
Bluestem prairies, affected by erosion, 228 
Blumenstock, D. I., 190 
Bobwhite, 569, 572 
Bodman, G. B., 186 

Bohemia, erosion, 907; flood control, 907 
Bonifica Integrale, accomplishments, 901; 
calanche, 902, 903; conservation, 901; 
Consor25i, 901; costs, 902; irrigation, 
903; protection, 901; purpose, 900; 
reclamation, 901, 902; sanitation, 901; 
sedimentation, 901; settlement, 901; 
torrent control, 901 
Border strips, 357 
Bordley, J. B., 881 
Bosley, N. M., 878 
Bouchier, E. S., 28 
Bouyoucos, G. J., 171, 608 
Bowman, Isaiah, 781 
Bradfield, Bichard, 203 
Bradley, E. M., 885 
Bragg, H. V., 652 
Breaks, 727, 744, 746 
Briggs, L. J., 199 
Britain, Saxon invasion, 41-42 
Broad-base terrace, 449 
Brown, C. B,, 253, 267, 278 
Brown, E. G., 88 
Brown, E. M., 689 
Brown, H. B., 305 
Brown, P. E., 204 
Browning, G. M., 171, 204 
Bruce, J. C., 879 
Brush matting, 553, 664 
Bryan, Kirk, 557 
Buckthorn, 416 
Buel, Jesse, 884 


Buffalo, 572 
Buffalo berry, 415 
Buffalo grass, 383, 384 
Buffer strips, 356-357 
Bunding, 918 
Bur clover, 395 

Bureau of Agricultural Economics, 315-316 

Bureau of Indian Affairs, 782 

Bureau of Plant Industry, 333 

Bureau of Reclamation, 333 

Buried soil, 505 

Buried soil profile, 40 

Burke, M. F., 270 

Burr, W. W., 171 

Burton, L., 499 

Bush fallow, 658 

Bush muhly, 404 

Bushmint, 413 

Byers, H. G., 114, 171, 173, 176, 770 
Byles, B. Y., 933 
Byrd, William, 869 


Cain, 16 

Calanche, 902-903 
Calhoun, John C., 880 
California, sedimentation, 255; terrace, 
447-448 

California Agr. Exper. Station, 858 
California Coastal Plain, climate, 863; 
conservation, 864, 866, 866-867; ero- 
sion, 863, 864-865, 866, 867; floods, 
865 - 866 ; geography, 863; irrigation, 
866; land use, 865, 867; sedimentation, 
865; soils, 864-865; vegetation, 863 
California Valley, area, 845; climate, 847- 
850; conservation, 847, 851, 862, 853; 
drainage, 847; dry farming, 848, 850; 
erosion, 847, 850-851, 862; floods, 851, 
853; geography, 845; irrigation, 846- 
848, 851, 853; land use, 846-850; 
overgrazing, 851; Placerville demon- 
stration, 851; sedimentation, 851; soils, 
846-850; topography, 846-847, 849; 
vegetation, 849-850 
Campbell, William A,, 25 
Campbell method, 736 
Canada, 937-939 
Canada de los Alamos, 250 
Canals, sedimentation, 273-274 
Capillary pore space, 176 
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Capillary water, 199 
Caribbean, 

Carpet grass, 381 
Carter, W. T., 771 

Carthage, advance of desert, 37; grain 
center, 36; rich land, 35 
Cascades, area, 830; climate, 830; con- 
servation, 831; erosion, 831; floods, 
831; geography, 830; land use, 831; 
national forests, 831; runoff, 831; sedi- 
mentation, 831; topography, 830; 
vegetation, 830-831 
Catch crops {see Cover crops) 

Cato, 33 
Catsteps, 295 

Cattle, introduction to America, 16 
Cattle industry, 896 
Cattle terraces, 295 
Caving, 296-297 
CCC, 334, 855 

CCC camps, accomplishments, 321; action 
under SCS program, 321; advantages, 
321 

Cedar (thuja), 416 

Celtic agricultural system, 41-42 

Centipede grass, 407 

Central America, decline early agriculture, 
51-52; erosion, 246; land use, 246-247; 
second-growth pine, 245-246; soil 
changes, 246; soils, 245; vegetation, 
245-246 

Central Prairie area, adaptable cover crops, 
374; area, 685; climate, 686; conserva- 
tion, 689; erosion, 687-688; geography, 
685; land use, 687-688; soils, 686-687; 
subdivisions, 686 (map); tenancy, 688; 
topography, 685 
Ceylon, 919-921 
Chaco Canyon, 248 
Chaldean dikes, 18 
Champion, A. M., 927 
Chaney, R. W., 730 
Channel cutting, 248-249 
Channels, sedimentation of, 254 
Channels, artificial: adaptability, 483-485; 
adjustment to drainage system, 482 , 
483; advantages, 478, 480; classifica- 
tion, 479; complete system for farm, 
482 , 483; construction, 487-488, 489 , 
490-493, 494 , 495; cooperative systems, 
484; location, 483-484; protection, 480 , 
481, 483, 486 , 486, 488, 490 , 491 , 493 , 


494-495; specifications, 485-486; types: 
meadow strips, pasture strips, unter- 
raced land, 483 ; use of meadows, 485 
Channels, natural: characteristics, 477-478; 

classification, 479 
Chapline, W. R., 9, 55 
Chapman, J. E., 171 

Check dams, brush, 625; concrete, 529; 
construction, 522-523; drop-inlet, 528- 
531; earth-fill, 528, 530-531; loose-rock, 
626; multiple-drop, 531; permanent, 
524, 526, 529-530; purposes and advan- 
tages, 522; rubble-masonry, 527, 628; 
slab, 627; sodded, 518, 521; specifica- 
tions, 523, 624, 626; temporary, 522, 
524-525; types, 523; weir-notch, 524; 
woven-wire, 624 

Chemical composition, base exchange, 170; 

physical properties of soils, 169-170 
Chepil, W. S., 938 
Chilcot, E. C., 499 

China, erosion, 912-913; floods, 914; forest 
destruction, 913-914; soil conservation, 
913-914 
Chinooks, 154 
Chisel subsoiler, 496, 497 
Cho beds, 918 
Chos Act, 918 

Civilization, effects of land use, in Central 
America, 246-247, in Near East, 17-27 
Clay soil, drainage, 201; moisture, 201-202 
Claypan prairies, conservation, 703; drain- 
age, 702; erosion, 703; geography, 702; 
land use, 703; McCredie demonstra- 
tion, 704-705; soils, 702; topography, 
702 

Clays, nonplastic, 169; plastic, 169; silica- 
sesquioxide ratio, 169 
Clements, F. E., 730 

Climate, accelerated erosion, 194; agricul- 
ture of Southwest, 247 ; artificial 
effects, 194; Atlantic and Gulf Coastal 
Plain, 619, 631, 638; Australia, 932- 
934; Black Plains, 762; Blue Moxm- 
tains, 830, California coastal plain, 863; 
California Valley, 846-848, 851, 853; 
Cascades, 831; Central Prairie area, 
686; classes, 184; classification, 181, 
184, 186; climatic maps and records in 
flood control, 196; climax vegetation, 
182; Colorado Basin area, 781; Colo- 
rado Plateau, 791-792; Columbia River 
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plain, 826; Dark Brown Till area, 712; 
definition of, 180; Delaware-Susque- 
hanna area, 677; distribution of (map), 
185; East Africa, 925; Edwards Pla- 
teau, 771; effective characteristics, 184; 
elements, 180; erosion, 183, 187-188; 
erosion in Central America, 246; ero- 
sion balance, 194; erosion types, 194; 
flood water, 559; floods, 195, 607-608; 
floods and flood control, 196; Great 
Basin, 837; Great Plains, 729-730, 
746; land forms, 180-182, 183, 194; 
Limestone-shale plain, 711; measure- 
ments of, 179; Mixed Till plain, 690; 
mudflows, 292; New England, 660-661; 
normal erosion, 193-194; North Pacific 
coast, 831; Northern Appalachian area, 
660-661; Northern Brown plains, 766; 
Northern Dark Brown plains, 765; 
Northern Rocky Mts., 818; Oregon 
Plateau, 829; Ozark Highlands, 716; 
Pacific Northwest, 816-817; Pacific 
Southwest, 834, 836; Palestine, 25; 
Palouse, 819, 823; patterns, 187; 

physiographic processes, 180; plant 
distribution, 180-182; plants and 
animals, 179—180; recognition by man, 
179; Red River area, 710; regional 
characteristics, 181; regional effects, 
181; regional effects on erosion, 194- 
195; runoff, 196; seasonal variation, 
197; Sierras, 842-845; Snake River 
plain, 828; soil, 180, 182—183; soil con- 
servation, 197; soil creep, 284; soil 
erosion, 180; solifluction, 286; Sonoran 
area, 861-862; South Africa, 923; 
Southern Appalachian, 653; Southern 
Rocky Mts., 813; Southwest Coast 
area, 853, 855, 859-860; Southwestern 
Mts. and Basins, 802-803; streamload, 
263-264; temperature and erosion, 193; 
temperature and mass movement, 193; 
total hazard, 197; types: arid, humid, 
humid tropical, mesothermal, meso- 
thermal summer-dry, microthermal, 
perpetual frost, polar, semiarid sub- 
humid, subhumid mesothermal sum- 
mer-dry, subhumid microthermal, sum- 
mer-dry, taiga, tropical, tundra, wet, 
winter-dry, 184, 186; vegetative con- 
trols, 194; Wasatch Mts., 809; weather- 
ing, 193; West Africa, 930-931; wild- 


life requirements, 569-569; wind, 184; 
wind erosion, 192-193 
Climatic complex, 195 
Climatic risks, 197 
Climatic zones, 179 
Climatologist, 180 
Clover, 882, 892 
Coke of Norfolk, 44 
Cole, J. S., 499 

Colloids, relation to structural eflSciency, 
222 

Colmatage, 260 
Colonists, English methods, 16 
Colorado Basin area, area, 781; climate, 
781; conservation, 782-783, 784, 785- 
790; erosion, 781-782; floods, 782; 
geography, 781; land use, 781; subdivi- 
sions, 782 (map) 

Colorado Plateau, area, 790; climate, 791; 
conservation, 795-800; erosion, 791, 
792, 793, 794, 800; geography, 790; 
grazing districts, 796; land ownership, 
796; land use, 791-792, 795; Navajo 
demonstration, 796-800; sedimenta- 
tion, 796; soils, 792-795; topography, 
790, 791; vegetation, 795 
Columbia Plateau, 819 
Columbia River plain, area, 825; climate, 
826; conservation, 827; erosion, 826- 
827; geography, 825; land use, 827; 
run(^, 826; soils, 827; subdivisions, 
825; topography, 826 
Columella, 33 
Compton, L. L., 122 

Congressional Acts, for soil and water con- 
servation, 314 
Connoughton, M. P., 84 
Conrey, G. W., 72 

Conservation, Allegheny-Ohio area, 674- 
675, 676; Aroostook, 682-684; Dela- 
ware-Susquehanna area, 678-680; eco- 
nomic pressure and land abuse, 335; 
Northern Appalachian-New England 
area, 665-669 

Consistence, relation to soil composition, 
169 

Contour cultivation, ancient Italy, 33 
Contour furrowing, 439, 440, 441-442; 
Colorado Basin area, 788-789; 
Wasatch Mts., 811 
Contour plowing, 878, 886 
Contour ridging, 439 
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Contour strip cropping, 346 
Contour trenches, 931 

Contouring, adjunct to strip cropping and 
terracing, 435-436; conservation essen- 
tials, 435; conservation of grass, 441; 
conservation of rainfall, 439; cost, 
441^442; flood control, 439, 441; grain, 
436; history, 434-435; mechanics, 434; 
pasture, 436-437 ; power eflflciency, 
434-435; purposes and advantages, 
434; range land, 438-439; soil and 
water conservation, 434; Southern 
Brown Plains, 758; terraced land, 470; 
types: basin listing, field, 436, 439- 
440; versus downhill cultivation, 435; 
water storage, 441 
Cook, O. P., 49-53, 246 
Cooke, C. W., 52, 53 
Cooke, Morris L., 329 
Cooperrider, C. K., 804 
Coordinated land-use program of SCS, 317 
Coordinated program in land-use, example 
in West-Cross Timbers, 318-320; 
technique, 318 
Coppice woods, 433 

Corinth, excavations, 31; sedimentation, 31 
Corn, effect of erosion, 215; yield in Illinois, 
214-215; yield to 1930, 213-214 
Corn Belt, plant and soil changes, 239; strip 
cropping, 359 

Corps of Engineers, action under flood con- 
trol program, 315 
Correction strips, 353 

Cotton, effect on erosion, 880; yield to 
1930, 214 

Cotton Belt, adaptable crops for stripping, 
360; special need for cover crops, 360; 
strip cropping, 359-360 
Coulees, 510 

Cover crops, crops used, 371-374; cultural 
techniques, 372-373; insect pests, 311; 
plant diseases, 312; purposes and 
advantages, 370-371; use with balk 
system, 372 
Cowpea, 880 
Crab grass, 418 
Craven, A. 0., 879 
Craven, J. H., 874 
Crawford, 0. G. S., 42 
Credit, relation to soil exploitation, 90 
Credit system, 887 
Crescents, 789 


Crested wheat grass, 388, 389 
Crickets, 312 
Crimson clover, 394, 878 
Critical slopes, 367; control of, 364; crops 
adapted to, 358 

Crop residues, conservation of, 376, 377; 
crops producing useful stubble, 377; 
destruction by burning, 376, 377 
Crop rotation, 881, 883, 885; adaptability, 
342; conservation effect, 343-344; con- 
tour basis (strip cropping), 355, 366; 
erosion and runoff, 156-159; function, 
159; general types, 340-341; history, 
340; infiltration, 204; nitrogen, 345; 
organic matter, 345; plants used, 345- 
346; principles, 339, 342; purposes and 
advantages, 340; regional types, 34 T, 
soil, 157, 159; subsoil, 219; use alone, 
342, in combination with other con- 
trols, 342, on contour, 342-343; yields, 
344—345 

Crop rotations. New England, 870-872; 

Old England, 878 
Crop rows, introduction of, 42 
Cropland, area cultivated, 59; area in U. S., 
12, in Europe, 12; area potentially 
cultivable, 59, 61; area potentially 
erodible, 61 

Cropping practices, effect on erosion and 
runoff, 160-161 
Crowleys Ridge, 640 
Crown vetch, 417 

Cuba, 227; results with subsoiling, 498-499 
Culpin, C., 499 

Cultivation, consumption fuel and time on 
contour, 435; infiltration, 203, 208; 
insect pests, 311; organic matter, 168; 
soil creep, 286; soil structure, 168 
Cultural changes, erosion, 55; Southern 
Appalachian, 255 

Culvert, drop inlet, 632 ; specifications, 
533-534 

Curley mesquite, 403 
Cutler, J. S., 72 

D 

Dales, 283 
Dallis grass, 382 

Dams, brush, 626; concrete, 529; drop-inlet 
(Adams) 528; earth-fill, 528-529; loose- 
rock, 626; porous type, 512; rubble- 
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masonry, 5^7, 528; slab, 527; weir- 
notch, 524; woven-wire, 624 
Danckaerts, Jasper, 868 
Daniel, H. A., 121 

Dark Brown Till area, climate, 712; con- 
servation, 714; erosion, 713, 714; geog- 
raphy, 712; land use, 714; soils, 713; 
topography, 712 
Dark Prairie area, 689 
Darwin, Charles, 167 
Davis, Gideon, 878 
Davis, E,. H., 242 
Dean, H. J., 264 
Deane, Samuel, 869, 872-873 
Deane’s rotation, 872 

Debris avalanches, 290; causes, 291; effects, 
291; localities of action, 290-291 
Debris basin, 864 
Debris production, 263 
Debris slides, causes, 296; localities of 
action, 296; mechanics, 296; relation to 
gullies, 296 
Deer, 574 

Deforestation, Australia, 932; East Africa, 
926; Italy, 900; Netherlands-India, 
916; West Africa, 930 
De la Vega, Garciliasa, 598 
Delaware-Susquehanna area, climate, 677; 
conservation, 678-680; erosion, 678; 
geography, 676; land use, 677-678, 
680; soils, 677-678; topography, 677 
Demonstration, 323-324; coordinated pro- 
gram, 317; essential to program of soil 
and water conservation, 314; farmer 
action, 317; government action, 317; 
purposes in land-use progi‘ams, 817; 
techniques, 317 

Demontzey, Louis-Gabriel, 597 
Denmark, erosion control, 909 
Department of Agriculture, responsibility 
in soil conservation, 314 
Desert, advance on Carthage, 37; in North 
Africa, 37 

Desert hackberry, 409 
Desert pavement, 120, 862 
Desert torrents, 862 
Desert willow, 409-410 
Desiccation of soil, relative to geologic 
material, 303 

De Soto, Hernando, 80-81, 598 
Detwiler, S. B., 916 
Dewberry, 415 


Dieken, S. N., 305, 892 

Differential erosion, 108-109; rock patterns, 

306 ’ 

Dispersion, relation to erosion and runoff, 
177 

Dissolved load, watershed determinants, 

263 

Dissolved matter, carried by representative 
streams, 262; streams of low-rainfall, 

264 

Ditches, floods, 604; relation to increased 
floods, 83 

Diversification, 880 

Diversion ditch, 514 

Diyision of Grazing, 333, 782, 796, 858 

Dc/gwoods, 410 

Dokutschajeff, V. V., 180 

Dorehk, Johann, 914 

Drainage, 941; California Valley, 847; 

Pacific Southwest, 839; yields, 225 
Drainage and irrigation program of SCS, 
action under development of basic in- 
formation, methods and engineering 
equipment, study of pertinent laws, 
surveys, 316; legislative sanction, 316; 
objectives, 316 
Dropseed grasses, 406 
Drought, Australia, 934; Canada, 938; 
crops, 191; distribution in Great 
Plains, 191; dust storms, 191; erosion 
during, 245; floods, 83; ground mois- 
ture, 84; land-use adjustments needed, 
192; Midwest, 895; reservoir deple- 
tion, 84; seasonal contrasts, 191; 
seasonal hazards in Plains, 191-192: 
vegetation, 934; water table, 85; West 
Africa, 931; wind erosion, 934, 938 
Dry farming, 736; ancient Italy, 32; Cali- 
fornia Valley, 848, 850; Colorado 
Basin area, 808-809, 812; Great 

Basin, 838 

Dubuat-Nangay, L. G., 116 
Dnley, P. L,, 115 
Dune broom, 412 
Dunes, 192, 909 

Dust, amount carried in air, 119-120; char- 
acteristics, 118-119; relation to soil 
fertility, 119; sources of, 117 
Dust Bowl, 16 

Dust clouds, 121; distance traveled, 122 
Dust pneumonia, 88 
Dust storm of 1934, 55-56 
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Dust storms, ^43, 245; Assyria, 23; color, 
121; distance traveled, 122; Great 
Plains, 734; history, 87; local, 121; 
major type, 121-123; material trans- 
ported, 119-120; Mesopotamia, 23; 
relation to wind, 121; size, 121; trans- 
porting capacity, 119-121; types, 121; 
widespread extent, 87 
Dust whirlwinds, 121, 122 
Dusters, 122 

E 

Eakin, Henry M,, 79, 257, 267 
Eargle, D. H., 102, 191, 267, 297 
Earthflows, 287, 288; agriculture, 289; local- 
ities of action, 289-290; mechanics, 
289; relation to pastures, 289; size, 
289; treatment, 289-290 
Earthworms, 312; erosion, 167; soil, 167 
East Africa, 925-930 
East Cross Timbers, 776 
Eastern Great Lakes area, erosion, 682; 
geography, 682; land use, 682; soils, 
682; topography, 682 

Economic effects of soil erosion, 88, 90-91 
Edge, 569, 681 

Education, 941; objectives inland-use pro- 
gram, 317; techniques, 317 
Edwards Plateau, area, 777; conservation, 
778, 779, 780; erosion, 779; geography, 
777; land use, 779; soils, 777; topog- 
raphy, 777; vegetation, 778-779 
Edwards Plateau area, area, 771; climate, 
771; conservation, 773, 774; erosion, 
772-774; geography, 771; land use, 
771, 774; subdivisions, 771, 772(map); 
vegetation, 771-772 

Effective moisture, relation to: plant 
growth, 227, soil character, 227 
Effective precipitation, 184 
Effective temperature, 184 
Elephant Butte Reservoir, 249, 255 
EHassen, Sig., 914 
Eliot, Jared, 870, 872 
Elutriation, 111 
Emmons, E., 885 
Enclosing, 877 

Enclosure, 907 ; early European agriculture, 
44 

England, effect practices on erosion in 
TJ. S., 47; results with subsoiling, 499 


Entomology, conservation, 308, 310-311; 
erosion, 308-309; soil permeability, 
312; vegetation, 808, 309 
Ephedras, 410, 411 
Eridu, 17 

Eroded farms, not promising market, 91 
Eroded fields, ancient Britain, 42 
Erosion, accelerated, 948—949; accelerated 
by land use, 254; advance over agricul- 
tural area, 14; advanced geological, 
949; advanced stage in Oklahoma, 228; 
Allegheny-Ohio area, 674; along high- 
ways, 535— 536; Alps, 905— 906; Ameri- 
can-European contrast, 54; ancient 
Italy, 32-33; annual losses, 9; Appala- 
chian Valley, 655-656; Aroostook, 683- 
684; artificial shifts, 195; assorting 
effect on soil, 111-114; Atlantic and 
Gulf Coastal Plain, 620; Australia, 
932-935; Austria, 906; badland type, 
108; biologic aspects, 228; Black 
Plains, 762; Blue Mountains, 830; 
Blue Ridge, 654; Bohemia, 907; 
burned-over land, 68 ; California 
Coastal Plain, 863, 865-867 ; California 
Valley, 847, 850-852; Canada, 937; 
Cascades, 831; causes, 301; Central 
America, 52, 245-246, effects on: 
agriculture, 246; climate, 246, plants 
and soils, 246, population, 246, runoff, 
246; Central Prairie area, 687-688; 
Ceylon, 919-920; China, 912, 913; 
classes, 948, 949, 950, 961, 962; Clay- 
pan prairies, 703; clear water, 207; 
climate, 198-194; climatic zones, 194- 
195; Colorado Basin area, 781-782; 
Colorado Plateau, 791-794, 800; Co- 
lumbia River Plain, 826, 827 ; commun- 
ities, 89; conservation surveys, 947; 
continuation in Southern Appala- 
chians, 232; contrast to geological, 301; 
control techniques, 14; Corn Belt, 239; 
240, 241; cost of, 11; cotton effects, 880; 
cropping practices, 160-161; current 
crisis in North America, 54; damage to 
flood plains, 256; damage to transpor- 
tation systems, 86-87; Dark Brown Till 
area, 713-714; debris, 9; Delaware- 
Susquehanna area, 678; Denmark, 909; 
differential, 306; differential type, 108; 
dry Southwest, 247-248; durability of 
topsoil, 135-136; early effects in South, 
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876 , 877 ; early Greece, 219, land tenure, 
29; early Scotland, 46; East Africa, 925, 
926 , 927-930; Eastern Great Lakes 
area, 682; ecologic, economic, and geo- 
graphic conditions developed by, 226; 
economic effects, 88-91; Edwards 
Plateau, 779; Edwards Plateau area, 
772-774; effect European practices on 
erosion in U. S., 47-48; emigration, 48; 
England, 43, 47; entomology, 308; 
Europe, 906; European settlement, 54; 
exploitation and profits, 899; Fairfield 
County, S. C-, 74; farm operations, 
74-76; Einger Lakes, Mohawk area, 
681; fire, 271; fish, 571-572; Flatwoods, 
689; floods, 610, 900; forest, 163; forest 
litter, 166; Port Worth Prairie, 775- 
776; fragmentation, 109; fragmentation 
type, 110; France, 906; geologic norm 
of, 6; geological, 110; Germany, 907; 
goats and sheep, 902, 905; grass, 163; 
grass and forest, 162; grazing on 
prairies, 242; Great Basin, 839-840; 
Great Lakes Plain, 700; Great Lakes 
Timbered area, 700; Great Plains, 731- 
732, Greece, 904; Guatemala, 51-52; 
Gulf Prairies, 640; hazards of floods and 
siltation developed by, 226; Highland 
Rim, 659; historic evidence in South- 
west, 249; history, 12; Honduras, 52; 
Hungary, 906; Illinois yield, 215; im- 
poverishes land and man, 91; increased 
by accelerated rimoff, 82; increased 
floods, 255; India, 916-919; Indiana- 
Ohio plain, 696-697, 701; infiltration, 
207; information needed effect produc- 
tivity dry areas, 219; insect control, 
310; insect control measures, 311; 
international economics, 54; Italy, 904; 
Japan, 914-915; Java, 922; Kansas 
Plains, 242; land, 6; land abandon- 
ment, 231; Limestone-shale plain, 712; 
Loess area, 629-630; Loess (prairie 
region), 706-709; manure, 162; Medi- 
terranean, 899; Mesopotamia, 17; 
Middle Coastal plain, 622-623; Mid- 
west, 893; migration, 89; Mississippi- 
Alabama Belt, 628-629; Mississippi 
alluvial plain, 640; Mixed till plain, 
690; moisture efldciency, 222-223; 
Moravia, 907; muddy suspension, 207; 
mulch, 166; natural (geological), 947; 


natural balance of, 194; naturally 
accelerated, 948; Nebraska Sandhills, 
770; need of control, 14; Netherlands, 
909; Netherlands-India, 919; new plant 
environment due to, 226; Nigeria, 930- 
932; normal, 6; North Africa, 905; 
North Pacific Coast, 832-833; North- 
ern Appalachian Mts., 673; Northern 
Appalachian-New England areas, 662- 
666, 670; Northern Brown plains, 767- 
769; Northern Dark Brown plains, 765; 
Northern Piedmont, 672; Northern 
Plains, 760; Northern Ozarks, 720; 
Northern Rocky Mts., 818; Ohio and 
Kentucky, 892; Oregon Plateau, 829; 
organic matter, 162; Ozark Highlands, 
717-718; Pacific Northwest, 817; Paci- 
fic Southwest, 835; Palestine, 904-905; 
Palouse, 820, 821, 822-828, 824; 

penalty of, 899; Persia, 39; phase of 
agricultural history, 16; Pierre Shale 
area, 769-770; pine, southern Pied- 
mont, 233-234; plant food, 10; plant 
roots, 240; plants, soil, stream-flow in 
Southwest, 249; plants and soil in 
Kansas Plains, 243 (map); Poland, 909; 
production of sediments, 254; produc- 
tivity, 222, 228; productivity level, 219, 
221; rainfall duration and intensity, 
195; rainfall intensity, 153-154; range 
vegetation, 86; range water, 86; rates: 
AUgeheny-Ohio area, 148, interior 
West Gulf coastal plain, 143, southern 
Piedmont, 146, Wisconsin nonglaciated 
area, 140; Red Plains, 745; Red River 
area, 710; relation to: abandonment 
Maya areas, 52-53; available land, 16, 
decline of Maya agriculture, 52, geolog- 
ic material, 304, geologic process, 299- 
300; land use, 91, migration, 91; past, 
16, 54; resistance of nonplastic clays, 
169; Rio Grande Plain, 638; rock type, 
110-111; rotations, 157-160; Russia, 
910; Scotland, 44, 47; seasons, 154-156; 
selective action. 111; selective effect, 
112-115; settlement, S; Shale Till 
plain, 693; Sierras, 843-844; similarity 
American-South- African- Australian 
types, 54; slope, 149-151; slope direc- 
tion, 160-161; slope length, 152-154; 
Slovakia, 907; Snake River plain, 828; 
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social effects, 88, 91; soil, 228; soil and 
vegetation, 229, 233-234: East Texas, 

229, Indiana, 229-230, Kentucky, 229, 
Nortkern Appalachian, 234, Northern 
Piedmont, 235, southeastern Ohio, 236, 
Southern Appalachians, 231, Texas 
Black Belt, 236-237, 238 ; soil changes, 
76; soil composition, 170; soil profile, 

230, 232; Sonoran area, 862; South 
Africa, 922-924; Southern, 887-888, 
890-891; Southern Appalachian, 643- 
644; Southern Appalachian Mts., 667- 
658; Southern Brown plains, 753, 766- 
757; Southern Dark Brown Plains, 
746-747, 751; Southern Piedmont, 645- 
647, 649, 652; Southern Ozarks, 722, 
724; Southwest coast area, 864-857, 
860-861; Southwestern Mts. and 
Basins, 803; Spain, 904; stones, 166; 
structural type, 107; structure, 175; 
subsoil, 164-165; survey, 8-9; survey 
in Southern Plains, 74; susceptibility 
of plastic clays, 169, of U. S., 12; 
temperature, 195; temporary allevia- 
tion of effects, 89; terrace grade, 
451-452; terrace spacing, 451-452; 
Texas Black Belt, 239, 634; topog- 
raphy details, 74-75; topsoil, 164-165; 
Transcaucasus, 911; tunnel type, 108; 
under primitive agriculture, 16; un- 
differentiated, 952; Upper coastal 
plain, 627; vegetation, 194, 208, 228; 
Wasatch Range, 811-812; water, 949- 
951; water table, 250; waterfall type, 
108; weeds, 166; West Africa, 929, 931; 
West Cross Timbers, 777; West Gulf 
Coastal Plain, 631, 633; western settle- 
ment, IS; widespread damage, 8; wind, 
950-951; wind velocity, 195; yields, 75, 
213-214, 218, 240 

Erosion and civilization, 16 

Erosion control, activities, 314; Australia, 
933-935; Canada, 938-939; Ceylon, 
919-921; China, 911, 914; Denmark, 
909; early methods, 878-879; East 
Africa, 925, 929; Prance, 909; Ger- 
many, 909; Hungary, 909; India, 916- 
919; Japan, 914, 916, 916; Java, 921- 
922; legislative sanction, 314; Middle 
Ages, 905; Netherlands, 909; Nether- 
lands-India, 919; Nigeria, 931-932; 
objectives, 314; Poland, 909; program 


of SCS, 314; Russia, 909, 911; South 
Africa, 923-925; Ukraine, 909; West 
Africa, 930-932 

Erosion control program of SCS — action 
under: cooperation with soil conserva- 
tion districts, 315; cooperation with 
other agencies, 315; dissemination of 
information, 315 
Erosion cycle, 95 
Erosion pavement, 111 
Erosion pedestals, 98 

Erosion process, 95; assorting effect of, 
77-78 

Erosion science, 307 
Erosion surveys, 57 
Etheridge, W. C., 689 
Euphrates, flood control, 22; irrigation 
along, 17, 19-20; silting, 17, 21 
Europe, erosion, 906; flood control, 906 
Euryops multifiidus, 417 
Extension Service, 323; education in Farm 
Forestry program, 316 

F 

Falconer, J. I., 882 

Fallow, 892; bush, 658; dependence on by 
Romans, 43; Mediterranean, 43; New 
England, 870; northern Europe, 43 
Farm Credit Administration, 333 
Farm forestry program of SCS, action 
under: technical assistance to farmers, 
316, legislative sanction, 316; purpose, 
316 

Farm forests, attitudes of farmers, 433; 
demonstrations, 433; maintenance, 432; 
products, 431-432; rotation cutting, 
432; selective cutting, 431-432; sus- 
tained yield, 431; technical assistance 
to farmers, 433; use of slash, 432-433; 
value, 431; wildlife habitat, 431 
Farm land, area, 13 
Farm rivalry with herdsmen, 16 
Farm Security Administration, 725, 858; 
cooperation under Water Facilities 
program, 316; program, 336-337 
Farm units, 730 

Farming, introduced European type, 16 
Federal agencies, cooperation with state 
agencies, 333-334 
Federal Power Commission, 612 
Fenneman, N. M., 791, 816 
Fenton, E. W., 46 
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Fertilizers, 646, 885, 889, 940; Atlantic and 
Gulf Coastal Plain, 621; early use, 878; 
increased expenditures, 225; relation 
increased expenditures to crop acreage, 
225; relative effect on soil and subsoil, 
219; topsoil, 217-218; use of, in 
alleviating effects of erosion, 89; yield, 
217 

Fescue grasses, 407 
Fessenden, Thomas G., 884 
Field contouring, 435 
Field stripping, 346 
Field strips, 358 
Field, Thomas A., 249 
Fields, John, 893 
Filter strips, 513 

Finger Lakes-Mohawk area, erosion, 681; 
geography, 681; land use, 681; soils, 
681; topography, 681 
Finnell, H. H., 954 

Fire, vegetation in southern Appalachians, 
232 

Fire protection, relation to insects, 311 
Fires, Pacific Southwest, 847; use of, in 
insect control, 310 
Fish ponds, 594 
Fitzpatrick, E. G., 249 
Flatwoods, area, 638; drainage, 638-639; 
erosion, 639; geography, 638; land 
use, 639; soils, 639 
Flaxman, E. M., 278 

Flood control, 866; Alps, 906; ancient 
Peru, 50; Austria, 906; Bohemia, 907; 
Ceylon, 919; China, 914; damage to 
structures, 253; damages, 615; engi- 
neering works, 598; erosion, 596, 603 ; 
European mountains, 906; examples, 
614-615; France, 906; Germany, 907; 
governmenLal action, 616; historical, 
610-614; history 596-597; Hungary, 
906; India, 916; Japan, 914, 915, 916; 
land use, 597-598; Mesopotamia, 19; 
methods of control, 597-598, 603 ; Mor- 
avia, 907; new watersheds, 607 ; Pacific 
Southwest, 853 ; Slovakia, 907 ; surveys, 
614; in U, S., 610-614; watershed 
approach, 598; watershed problems, 
616 

. Flood Control Act of 1928, 612-614 
Flood control program, 328-329 


Flood control program of SCS, action under: 
surveys, watershed protection, work 
programs, 315; legislative sanction, 
315; purpose, 315 

Flood flows, protection against in flood 
control, 328 

Flood irrigation, 558, 560, 663 , 664 , 565-567 

Flood plains, damage by sedimentation, 
254; erosion, 280 

Floods, acceleration by burning, 271 ; Alps, 
906-907; ancient Italy, 31-32; ancient 
Mediterranean, 32; Australia, 932; 
California coastal plain, 865-866; 
California Valley, 851, 853; Canada, 
937; causes, 190, 596, 600-601, 611; 
China, 912, 914; climatic effect, 195- 
196; Colorado Basin area, 782, 806 , 
806, 810, 813; costs, 608-609; ditches, 
604; early, 1; early overflows of 
Mississippi, 81; East Africa, 926; 
Europe, 906; forest litter, 602, 603 ; 
great, 600 ; gullies, 604; highways, 
604; history, 596, 598; increased fre- 
quency, volume, and destructiveness, 
81-82; increasing frequency, 600; 
increasing magnitude, 600-601; infil- 
tration, 602-604; Italy, 900; Japan, 
915; land use, 602, 604, 606-607; in 
large basins, 191; local, 599, 600 ; maxi- 
mum annual stages, 598, 699 ; need for 
climatic maps and records, 196; Nether- 
lands-India, 916; New England, 869; 
Ohio River, 82; overgrazing effect, 897; 
Pacific Northwest, 831; Pacific South- 
west, 841, 845; Persia, 39; precipitation 
duration, effect, 196; precipitation rate 
effect, 196; relation to climatic 
variables, 196; relation of: depleted 
cover, 83, ditches and gullies, 83, 
drought, 83, duration rainstorms, 190, 
extensive type of rainstorm, 190, frozen 
ground, 83, intensity of rainstorms, 
190, local type of rainstorms, 191, poor 
farm methods, 83, rainstorms, 191, 
sediments to increased proportions, 81, 
wet soils, 83; Rio Grande, 250; runoff 
effect, 196; sedimentation, 81; sheep 
and goats, 906; siltation, 77; silting, 
80; in small basins, 190; soil moisture, 
196; Sonoran areas, 862; Southwest, 
249; Southwest Coast area, 855; 859- 
861; stages, 598 
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Floodwater, methods of use, 560; rights, 
563; supplement to rainfall, 559; use in 
Southwest, 661, 562 

Florida rolling sandy lands, area, 641; con- 
servation, 641; erosion, 641; soils, 641; 
topography, 641 
Plumes, 630, 532; sodded, 518 
Follansbee, R., 264 
Follett, W. W., 255 
Forbes, R, H., 264 

Forest, erosion and runoff, 163; rate of soil 
building under, 163-164; settlement, 2; 
virgin, 2 

Forest fires, 844, 860 

Forest litter, 422; erosion and runoff, 166; 

infiltration, 601-603 
Forest maintenance, 429-430 
Forest mold, 209 

Forest protection, 919; Australia, 933 
Forest Service, 668, 782, 810, 858, 898; 
action under flood control program, 
315; cooperation in Farm Forestry 
program, 316; program, 331-332 
Forestry Act of Japan, 915 
Forestry method, 921 

Forests, Alps, 906; area private, public, 419; 
Central America, 246; distribution, 
419-420 (map); early America, 419; 
effect on topsoil, 423 ; impoverishment 
early Scotland, 46; protective function, 
421, 422, 433; second growth, 421; 
sites, 425-427; technique of planting, 
424, 426; windbreaks, 423, 424, 426 
Forsling, C. L., 197, 219, 810 
Fort Worth Prairie, conservation, 776; 
erosion, 775, 776; geography, 775; land 
use, 775; soils, 775; topography, 775; 
vegetation, 775 
Fortier, S., 264, 278 

Fragmentation, 109, 110; erosion process, 
109; gully formation, 109 
France, erosion, 906; erosion control, 909; 

flood control, 906; reclamation, 909 
Franklin, B., 872 
Free, E. E., 116, 120 
Free, G. R., 176, 203 
Freeman, D. W., 815 
Freeman Flat, 787-788 
French Forestry Law, 906 
French Niger Colony, 931 
French West Africa, 932 


Frontier, disappearance, 13; exploitive 
agriculture, 891; westward advance, 
3-4, 891 
Frontinus, 33 

Frost, relation to climate, 184; relation to 
stream bank erosion, 551 
Frost heaving, 193 
Fuller, G. L., 64, 277 
Fulmer, J. L., 223 

G 

Galleta grass, 403, 404 
Gautier, E. F., 37 
Geib, H. V., 239 
Geologic norm of erosion, 6 
Geologic process, relation to: erosion, 307, 
erosion and soils, 299-301, land 
forms, 306, soil formation, 302 
Geological erosion, 92, 110, 299-301 
Geological material, relation to: erosion, 
304, 307, gully formation, 303, 304, 
rate soil formation, 301, soil depth, 303- 
304, soil moisture, 304, sofis,^ 301-303, 
underground water, 307; wide distri- 
bution effects on soil and topography, 
305 

Geological Survey, 333 
Geology, forces of process, 299; relation of 
process to erosion, soils, topography, 
299, 305; relation to: erosion, 301, 307, 
soil formation, 302-304, stream load, 
263, underground water, 307 
Gerdel, R. W., 170 

Germany, erosion, 907; erosion control, 909; 
flood control, 907, 908 ; forest manage- 
ment, 907, 908; overgrazing, 908 
Gila project, 324 
Gilbert, E. K., 255 
Gillett, S., 920 
Glenn, L. C., 255 
Glinka, K. D., 180 
Glymph, L. M., 84, 269 
Goat-nut (jojobo), 415 
Goats, 902, 905-906, 927 
Gold Coast, 931-932 
Goldenrod, 418 
Gorrie, R. M., 919 

Government, responsibility for soil defense, 
15 

Graded-channel terrace, adaptable slopes, 
455; adjustments, 465; advantages and 
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disadvantages, 456, 465; channel, 455; 
construction, 450, 459--460, 461, 462- 
466; costs, 466; cross section, 455; 
determinants, 45S, 456^459; equip- 
ment, 460-461; length, 454-455; loca- 
tion, 463; outlets, 457; planning for, 
455-459, 461; relation to: adjacent 
land, 465, gullies, 463; spacing, 450- 
454; specifications, 453-455; supple- 
ments, 456; timely completion, 465; 
timing, 463; uniform grade, 450; vari- 
able grade, 450, 453 
Gradoni system, 902-903 
Gramas, 396, 397 
Granery of Greece, 31 

Granulation, insects and microorganisms, 
312 

Grasovsky, A. A., 930 
Grass, adaptation to critical slopes, 358; 
erosion and runoff, 163; rate of soil 
building under, 163-164 
Grass husbandry, 885 
Grasshopper damage, 308 
Grasshoppers, erosion, 167 
Gravitational water, 199 
Gray, L. C., 329, 888 

Grazing, Alps, 906; Australia, 934; early 
Scotland, 46; erosion in Southwest, 
247; prairie erosion, 242; prairie vege- 
tation, 240, 242; restriction under 
Leges Forestarum, 46; South Africa, 
923 

Gh'azing control, 326 
Grazing districts, 828-829 
Great Basin, area, 837; climate, 837; con- 
servation, 839, 840, 841, drainage, 839; 
dry farming, 838; erosion, 839, 840; 
floods, 841; geography, 837; grazing 
districts, 838-839, irrigation, 838-839; 
land use, 837-839; population, 838; rec- 
reation, 839; soil conservation districts, 
841; soils, 837; topography, 837; 
vegetation, 837-838; water resources, 
838; water spreading, 841; wildlife, 839 
Great Lakes Plain, area, 700; drainage, 700; 
erosion, 700; geography, 700; land 
use, 700; organic matter, 700; soils, 700 
Great Lakes Timbered area, area, 699; 
drainage, 699; erosion, 700; geography, 
699; land use, 699-700; soils*, 699; 
topography, 699 


Great Plains, 16; adaptable cover crops, 
374; adaptable strip crops, 361; Camp- 
bell method, 736; climate, 729-730; 
conservation, 732, 735-743; dry farm- 
ing, 736; dust storms, 734; emergency 
measures, 740; erosion, 731-732; ero- 
sion and drought, 245; farm units, 730; 
geography, 726; irrigation, 731; land 
use, 729-730, 737-738, 740-742; level 
terraces, 360; organic matter, 739, 741; 
permanent measures, 741; range ero- 
sion, 86; runoff, 197, 731-732; settle- 
ment, 738-735; shelterbelts, 786; soil 
changes by erosion, 243; soils, 727-728, 
735; strip cropping, 360, 361, 362; sub- 
divisions, 726 (map); terracing, 466; 
topography, 727; vegetation, 728-729, 
741; vegetative changes by erosion, 
244-245; vegetative changes of virgin 
grassland, 245; water supplies, 730- 
732, 741; wind erosion, 734-735 
Great Plains Committee Report, 329 
Greece, 904 

Greece (ancient), deep plowing, 29; fal- 
lowing, 29 

Greece (early), agricultural methods, 29; 
agricultural traditions, 30; agriculture, 
29; climate, 29; crop shifts, 29; culti- 
vation, 29; deforestation, 29; erosion, 
28-29; erosion problem underesti- 
mated, 30; forest protection, 30; for- 
ests, 28; irrigation, 28; land decline, 29; 
land needs, 29; land-tenure laws, 29; 
silting, 30; soil and water conservation, 
28; soil conservation, 30; straight 
farrows, 29; subsoiling, 29 
Green manure, subsoil, 219 
Green manuring, 873, 889; crops, 375-376: 

purposes and advantages, 375 
Green manuring crops (seO' Cover crops) 
Gregory, H. E., 791 
Grosseteste, Robert, 43 
Ground drift, 120 
Ground water. Great Plains, 732 
Ground water level, 198-199 
Guatemala, erosion, 51-52 
Gulf prairies, area, 640; conservation, 640; 
drainage, 639; erosion, 640; geography, 
639; soils, 639 

Gullies, broad shallow type, 106; classes, 
363-364; classification hy size (small, 
medium, large), 513; classification by 
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watershed (small, medium, large), 
S13; claypan type, 104, 106; control, 
107; control measures, 363-364, 366, 
366, 367'“368; cultivation effect in 
Palouse, 76; depth, 110, 509; develop- 
ment, 105-109; diversion of water 
from, 561, 563; early control, 878; 
flood effect, 83; floods, 604; forms, 106, 
108; increased number, 83; land use, 
604-605, 607; lateral extension type, 
104; local designation, 510; multi- 
plicity of, 604, 606; new watersheds, 
604, 607; pothole type, 107, 108; rela- 
tion to: geologic material, 303, 304, 
overgrazing, 557; runoff, 604; slides, 
296; soil-creep effect, 282; tunnel type, 
107-108; types: channel, mass move- 
ment, waterfall, 507; undercutting 
type, 104, 106; U-shaped, 103, 557; 
V-shaped, 103; water table, 85; water- 
fall type, 108 

Gully control, cost, 511; diversion of runoff, 
513; exclusion of livestock, 516; 
floods and sedimentation, 511; George 
Washington, 506; installation, 616- 
621, 522-531; inadequacy of common 
measures, 506; mechanical, 619, 524- 
525; methods, 608, 512-515; new 
techniques, 506; public interest, 506; 
retention of runoff, 513; structures, 
515, 519, 522-532; subsoil effect, 512; 
vegetation, 515, 616-618, 619, 520, 
621, 522; water transit, 515 

Gully detentions, 789 

Gully erosion, development, 102; forms, 102 

Gully plugs, 789 

Gullying, 889; causes of, 507, 510-511; 
caving, 297; cost of control, 511; extent 
in United States, 507; growth char- 
acteristics, 507-508, 609, 510; limits 
to headward advance, 512; livestock, 
611 ; mass movement effect, 510; roads, 
511; rodents, 511; seriousness, 506; 
significance in soil decline, 124; types, 
507 

Gussak, V. B., 911 

Gyrotiller, 496, 497 

H 

Hall, A. R., 45, 64, 874 

Hall, T. D., 923, 925 


Halliday, W. E. D., 186 
Hallstead, A. L., 730 
Hamilton, A. P- T., 918 
Hamilton, C. L., 449, 495 
Happ, S. C., 273 
Harbors, sedimentation, 254 
Harding grass, 407 
Hardpan, 503 

Hardwoods, removal, 229-232, 236, north- 
ern Piedmont, 235, Piedmont, 233-234, 
southeastern Ohio, 234 
Harmattan, 87 

Harper Adams Agricultural College, 43 

Harper, H. J., 208 

Harrington, F. C,, 329 

Hathaway, G. E., 190 

Hazen, T. E., 895 

Head flume, 530, 631 

Headland strips (see Turn strips) 

Hedges, 878 
Helm, C. A., 689 
Hendricks, B. A., 804 
Hendrickson, A. H., 199 
Hendrickson, B. H., 206, 277 
Henson, E. R., 344-345 
Herodotus, 35 
High Plains, 744 

Highland Rim, conservation, 659; erosion, 
659; geography, 658; land use, 659; 
soils, 659; topography, 658 
Highway erosion control, cross-drains, 
642; culverts, 643; cut-slopes, 639; 
ditches, 636-638, 640, 641; fills. 639 
Highways, damage adjacent land, 535-536, 
541; erosion, 87, 535; erosion control 
along, 636; floods, 604; sedimentation, 
277 

Hilgard, E. W., 255, 276 
Hill, C. R„ 246 
Hill planting, 48 
Hillculture, 921 

Hillside ditch, 446, 448-449, 880, 886, 888- 
889 

Hindiya Canal, 20-21 
Hobley, C, W., 926 
Hodgson, R. E., 388 
Holmes, Macdonald, 934-935 
Holt, Ernest, G., 568 
Holtz, H. F., 820 
Holzman, B., 83 
Honduras, erosion, 52 
Honeysuckle, 418 
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Hopclovers, 384-385 
Hopkins, C. G., 340 
Hopkins, E. S., 938 
Hopp, H., 921 
Horner, G. M., 190 
Horse-hoeing, 44, 870 
Horton, Robert E., 616 
Hough, J. L., 271, 278 
Houk, Ivan E., 190 
Howard, Albert, 918 
Howard, C. S., 264 
Hubam clover, 396 
Hudson’s Bay Company, 937 
Hughes, H. D., 344, 345 
Humbolt, Alexander von, 179 
Humid climate, 186 
Humphreys, A. A., 256 
Humus, 884-885 

Hungary, erosion control, 909; flood con- 
trol, 906 

Hutchinson, George, 311 
Hygroscopic moisture, 199 


Ice, relation to streambank erosion, 550 
Ice plant, 417 
Imbeaux, Edouard, 597 
Incan agriculture, 48-50 
Incan gardens (Cuzco), 50; agriculture, 50 
India, deforestation, 918; erosion, 916-919; 
erosion control, 916, 917, 918-919; 
flood control, 916; runoff, 919 
Indian rice grass, 404, 406 
Indiana, plant and soil changes due to 
erosion, 229, 230-231 

Indiana-Ohio Plain, conservation, 697, 702; 
drainage, 696; erosion, 696, 697, 701; 
geography, 695; land use, 697, 701-702; 
soils, 696, 697; topography, 695-696 
Infiltration, better methods needed, 211; 
climate, 607-608; continuing capacity 
of soils for, 202; definition of, 198-199; 
effect of : clear water, 204-207, cultiva- 
tion, 208, erosion, 207, muddy suspen- 
sion, 204, 206, 206, 207, subsoiling, 208, 
surface sealing, 204, vegetation, 206, 
208-209; floods, 602-604; impermeable 
soil, 212; insects, 312; land use, 604; 
methods of increasing, 207-208, 210; 
microorganisms, 312; organic-matter, 
203-204; pore space, 201, 204; rates, 


200; rate effect on erosion and runoff, 
201; relation to erosion and runoff, 198; 
runoff, 601, 607; soil aggregation, 204; 
soil capacity for, 198; soil diversity, 
203; soil moisture, 202; surface effect, 
199; tillage, 203; time effect, 208; 
utilization above level of percolation, 
211; utilization equivalent to increased 
rainfall, 211; varying soil capacity, 
200-201 

Insects, 569, 574, 575, 584; effect on soil, 
312; relation to soil and water con- 
servation, 308, 310-311 

Intervales, 672 

Ireland, H. A., 102, 191 , 297 

Irrigated land, damage by sedimentation, 
277-278 

Irrigation, ancient Italy, 32; ancient Peru, 
49-50; California coastal plain, 866; 
California Valley, 846-848, 851, 853; 
Colorado Basin area, 804, 811; early 
practices Palestine, 26; flood, 558; 
Great Basin, 838-839; Great Plains, 
731; Italy, 903; Northwest Pacific, 831; 
prehistoric, 558; Snake River plains, 
828; Sonoran area, 862; Southwest 
Coast area, 856 

Italy, Bonifica Integrale, 900; deforestation, 
900; erosion, 900; flood control, 901; 
malaria, 900; reclamation of marsh 
with sediments, 260; reforestation, 903; 
sedimentation, 900 

Italy (ancient), agricultural shifts, 35; 
agriculture, 32; contour cultivation, 33; 
crop shifts, 34; crops, 33; deforestation, 
31-33; dry farming, 32; effect of im- 
ports, on agriculture, 34, on small 
farmer, 34; erosion, 31-32, 34; floods, 
32; irrigation, 32; land decline, 35; 
overgrazing, 34; silt, 32; soil durability, 
33, 35; soil improvement, 33; straight 
furrows, 33; traditional agriculture, 33 


Japan, deforestation, 915; erosion, 914-915; 
flood control, 914-916; floods, 915; 
mudflows, 915; reclamation, 916; soil 
conservation, 916 
Japanese trailing raspberry, 414 
Jardine, W. M., 895 
Java, 921-922 
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Jefferson, Thomas, 869, 876-877 

Jetties, 554'-556 

Joel, A. H., 954 

Johnson, John, 886 

Jones, Brymor, 931 

Jones, V. H., ^69 

K 

Kalm, Peter, 870 
Karst, 900 

Karst topography, 306 
KeU, W. V., 354 
KeUy, H. E., 894 

Kentucky, plant and soil changes due to 
erosion, 229 

Kentucky bluegrass, 379-380 
Kesler, T. L., 269 
Khorsabad, excavation, 22 
Kikuyu grass, 407 
Kinney, J. P., 873 
Kdppen, Wladimir, 184 
Kraaling, 923 
Krusekopf, H. H., 156 
Kudzu, 358, 392, 393 


Ladd, G. E., 290 

Lake Erie plain, drainage, 695; geography, 
694; land use, 695; soils, 695; topog- 
raphy, 696 

Lampasas Cut Plain, 777 
Land, 944; area, 7-8; character, 8; exploita- 
tion of, 891, inXJ. S* 13; impairment, 8; 
inferior, 7-8; virgin, 1 
Land forms, 306; effect of climate, 181-183 
Land policy, 893 
Land “resting,’* 657 

Land use, Allegheny-Ohio area, 674; Appa- 
lachian Valley, 655-656; Aroostook, 
682-683; Black plains, 761-764; Blue 
Mts., 830; Blue Ridge, 654; California 
Coastal plain, 865, 867; California 
Valley, 846-850; capabilities, 955; 
Cascades, 831; Central America, 246- 
247; Central Prairie area, 687-688; 
classes, 948-958; Claypan prairies, 703; 
Colorado Basin area, 781; Colorado 
Plateau, 791-792, 795; Columbia River 
plain, 827; conservation, 313; correc- 
tion, 941; Dark Brown Till area, 714; 


Delaware-Susquehanna area, 677-680; 
democratic process, 313; determinants, 
944-945; Eastern Great Lakes area, 
682; economic and social aspects, 335; 
economic and social factors, 313; 
Edwards Plateau, 779; Edwards Pla- 
teau area, 771, 774; erosion by types, 
61; Finger Lakes-Mohawk area, 681; 
Flatwoods, 639; flood control, 328-329; 
floods, 83, 597-598, 603-604; Florida 
rolling sandy lands, 641; following 
abandonment: 232-234, northern Pied- 
mont, 236, southeastern Ohio, 236; 
Fort Worth Prairie, 775; Great Basin, 
837-839; Great Lakes plain, 700; Great 
Lakes Timbered area, 699-700; Great 
Plains, 729-730, 737-742; Gulf Prai- 
ries, 640; gullies, 605-607; Highland 
Rim, 659; Indiana-Ohio plain, 697, 701- 
702; land, 313, Limestone shale plain, 
712; limitations, 941; loess (prairie 
region), 706, 708; Loess area, 630; 
Michigan- Wisconsin plain, 698-699; 
Middle Coastal plain, 624, 627; Missi-' 
sxppi-Alabama Black Belt, 630; Mis- 
sissippi Alluvial plain, 640; Mixed Till 
plain, 690; Nebraska Sandhills, 770; 
North Pacific Coast, 833; Northern 
Appalachian Mts., 673;. Northern 
Appalachian-New England, 662, 664- 
666, 668; Northern Brown plains, 767- 
768; Northern Dark Brown plains, 
765-766; Northern Ozarks, 718; North- 
ern Piedmont, 672; Northern Rocky 
Mts., 818; Oregon Plateau, 829; Ozark 
Highlands, 717; Pacific Northwest, 
815; Pacific Southwest, 835-836; Pal- 
ouse, 820, Pierre Shale area, 769, 
planning for wildlife, 585-586; poten- 
tial erosion by types of, 61; readjust- 
ments, 956; Red Plains, 745; Red 
River area, 710; Rio Grande plain, 638; 
Shale Till plain, 693; Sierras, 844; 
Snake River plain, 828; soil waste, 313, 
Sonoran area, 862-863; Southern, 887; 
Southern Appalachian, 644; Southern 
Appalachian Mts., 657; Southern 
Brown plains, 753-757, 759; Southern 
Dark Brown plains, 746-751; Southern 
Ozarks, 721; Southern Piedmont, 644- 
645, 647, 649-652; Southern Rocky 
Mts., 813; Southwest Coast area, 853, 
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856-857, 859; Southwestern Mts., and 
Basins, 804, 807; submarginal pur- 
chase, 327; surveys, 944; Texas Black 
Belt, 634-636; Upper coastal plain, 
627; Wasatch Mts., 809-810; West 
Cross Timbers, 777; West-Gulf coastal 
plain, 633; wildlife, 572 
Land-use capabilities, 955 
Land value, relation to soil and water con- 
servation, 325 

Landslides, 675; agricultural land, 293; 
localities of active, 293; Scotland, 46; 
slippage, 293; slumping, 293 
Lateritic soil, 302 
Latifundia, 34 
Law, Robert, 926 

Leaching, 301-302; retarded by cover crops, 
371 

Lee, W. D., 232, 888 
Legumes, 885, 889, 892 
Leighton, M. M., 728 
Lespedeza, 889; annual, 386, 387; juncea, 
392; sericea, 391, 392 
Lewis, 0. C., 652 
Lewis, R. D., 225 
Lexington Basin, 659 
Libanius of Antioch, 28 
Lilac, 416 

Lime, 215, 885; in topsoil, 9 
Limestone-shale plain, climate, 711; con- 
servation, 712; erosion, 712; geography, 
711; land use, 712; soils, 711; topog- 
raphy, 711 

Listing, basin, 436 ; deficiency, 436 
Livestock, early Scotland, 46; Western, 896 
Livingstone, Robert, 881 
Lobstein, H. L., 499 

Loess (prairie region), conservation, 706, 

707, 708, 709, 710; erosion, 706, 707, 

708, 709; geography, 705; Gilmore 
Creek demonstration, 709-710; land 
use, 706, 708; soils, 705-706 

Loess area, agriculture, 630; area, 629; 
conservation, 630; erosion, 629-630; 
geography, 629; soils, 629; topography, 
629 

Logan, William, 871 
Longobardi, Cesare, 900 
Lonicera, Alberti, 416 
Love grass, 407 
Low, E. N., 275 


Lowdermilk, W. C., 202, 204, 205, 282, 547, 
596, 602, 911, 912, 914 
Lutz, J. F., 173, 174 
L3mchets, 41 

M 

Macchu Picchu, Peru, 49 
McDonald, Angus, 68, 190, 893, 894 
McGrew, P. C., 190 
Machinery, relation to yields, 225 
Madison, James, 875-876 
Magnesia in topsoil, 9 
Malee vegetation, 932 
Malthusian population theory, 43 
Mangum, Priestly, 890 
Mangum terrace, 446, 449, 890 
Manure, erosion and runoff, 162; infiltra- 
tion, 210; percolation, 211; runoff, 211; 
subsoil, 219 
Mapes, J. P,, 886 
Marbut, C. P., 180 
Marginal farming on eroded soil, 90 
Marl, 878-879 

Marsh, management, 589; reclamation by 
sedimentation, 260 
Marsh, George P., 899 
Marshall, R. C., 931 

Mass movement, acceleration of, 281 ; debris 
avalanches, 290-291; debris slides and 
caving, 296; definition, 281; earthflows, 
287-290; gully formation, 510; land- 
slide, 293-295; mudflows, 291-292; 
relation to erosion, 298; soil conserva- 
tion, 281; soil creep, 283-286; solifluc- 
tion, 286; subsidence, 296-297; terra- 
cettes, 296 ; types, 281 
Mathews, O. R., 730 

Maya, agriculture, 51; causes of decline, 51; 
population, 51 

Maya Empire, effect of erosion, 52-54; 

invasion by forests, 54 
Meadow 251, 277 
Meadow strips, 481, 485 
Meander River, 30 

Mediterranean region, 899; climate, 25; 
decline of, 24, 31; early agriculture, 25; 
effect forests on water, 24; floods, 32; 
grazing, 25; original forests, 24 
Mediterranean terraces, 445 
Meeker, R. I., 275 
Mehring, A. L., 10 
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Merrill, G. P., 300 

Mesopotamia, abandonment of irrigation, 
23; abandonment of irrigation works, 
21, 22; agricultural expansion along 
trade routes, 24; Babylonia- Assyria 
struggle for water, 22; deforestation, 
23; dust storms, 23; erosion, 17; flood 
control, 19-21; floods, 23; irrigation, 
17-18, 20; irrigation canals, 19; land 
decline along trade routes, 24; land use 
and decline, 17; map of, 18; silting, 
17-19, 23; trade routes to Mediter- 
ranean, 23 

Mesotbermal climate, 186; subhumid cli- 
mate, 191 
Meterologist, 180 

Micbigan-Wisconsin plain, area, 697; con- 
servation, 699; drainage, 698; geog- 
raphy, 697; land use, 698-699; soils, 
698; topography, 698 

Microorganisms, erosion, 76; important 
types, 186; organic matter, 167-168; 
soil, 167-168, 312; soil conservation, 
168; soil humus, 168; soil nitrogen, 168; 
soil nutrients, 168; soil productivity, 
168 

Micro thermal climate, 184, 186 
Middle Ages, 43, 905 

Middle Coastal plain, agriculture, 624-625; 
area, 623; erosion, 623, 624; geography, 
622; land use, 624; methods, 625; 
Muckalee Creek demonstration, 625- 
626; soils, 624; topography, 623 
Middleton, H. E., 114, 173, 174 
Migration of farm population, 89 
Miller, M. F., 156 
Milpa agriculture, 51 
Mining, 297 
Mining debris, 255 
Mississippi, sedimentation, 255 
Mississippi- Alabama Black Belt, area, 627; 
conservation, 629; erosion, 628-629; 
geography, 627; soils, 628; subdivi- 
sions, 628 

Mississippi Alluvial plain, area, 640; con- 
servation, 640; erosion, 640; geog- 
raphy, 640; land use, 640; soils, 640 
Mississippi River, early floods, 80 
Mississippi River Commission, 598 
Mitchell, F. S., 894 


Mixed Till plain, climate, 69; conservation, 
690-693; erosion, 690; land use, 690; 
Sangamon demonstration, 691-693; 
soils, 689-690; topography, 689 
Moistiore, available, 201-202; availability, 
85, of ground supply, 84; erosion, 76; 
relation above-ground supply to 
drought, 84; relation ground supply to 
drought, 84; relative effectiveness soil 
and subsoil, 220; soil capacity for 
storage, 84-85; utilization by storage, 
85 

Moisture efficiency, contrasts eroded and 
uneroded soil, 222-223 
Mommsen, T,, 34 
Moore, R. C., 329 
Moore, T., 255 
Moore, Thomas, 874 
Moravia, erosion, 907; flood control, 907 
Mormon settlers, 558 
Morris, V. H., 431 
Morton, H. V., 25 
Morton’s milk vetch, 416 
Mountain mahogany, 409 
Muddy water, abrading effect, 100; surface 
sealing, 100 

Mudflows, 915; causes, 291-292; effect on 
agricultural land, 292; effects, 291; 
localities of action, 292; mechanics, 
291; prevention, 292-293; relation to: 
climate, 292, earthflow, 291 
Muir, John, 892 

Mulch, effect on erosion and runoff, 166 

Mulching, 375 

Mulga vegetation, 932 

Musgrave, G. W., 153, 176, 203, 206, 210 

Musil, Alois, 24 

N 

Nahrwan Canal, 21 
Nashville Basin, 659 
National Conservation Commission, 898 
National forests, 810, 813, 818, 897; Pacific 
Northwest, 829, 831; Pacific South- 
west, 844, 859 

National Resources Committee, 336 
Natural erosion, 92 

Natmal resources, abuse, 4-5: depletion, 3 
Navajo project, 324 
Navajo Reservation, 796-800 
Neal, O. R., 210 
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Nebraska Sandhills, area, 770; conserva- 
tion, 770; erosion, 770; geography, 770; 
land use, 770; soils, 770 
Needle grasses, 406 
Needle ice, 284 
Nesom, G. H., 388 
Netherlands, erosion control, 909 
Netherlands-India, 919 
New England, cover crops, 373 
New England (early) abandonment of land, 
869; crop rotation, 870; decadent 
agriculture, 869; deep plowing, 871; 
early erosion control, 868-869; Eliot’s 
rotation, 870; erosion, 873; fallow 
system, 870; floods, 869; green manur- 
ing, 873; horse-hoeing, 870; Logan’s 
rotation, 871; methods conducive to 
erosion, 869, 874; plaster, 871; red 
clover, 870; rotations, 871; settlement, 
870; soil amendments, 870-871, 873; 
soil improvement, 869; tree planting, 
873 

New Mexico, sedimentation, 255 
Newbold, Charles, 883 
Newlands, Francis G., 612 
Nichols, David, 890 
Nichols, M. L., 449 
Nigeria, 930-932 
Nile River, 253 

Nitrates, conserved by cover crops, 371 
Nitrogen, crop rotdition, 345 ; low content of 
subsoil, 220; microorganisms on, 168; 
from organic matter, 168; relative con- 
tent eroded and uneroded soil, 221; 
in topsoil, 9 
Noll, W. C., 164 
Norfolk rotation, 44, 881 
Normal erosion (geological), 947; beneficial 
effects of, 94; characteristics, 92-93; 
environment of, 93-94; slow rate of, 
122-123 

North (after 1800), agriculture, 881, 886; 
alfalfa, 881; clover, 884-885; crop 
rotation, 881, 885; erosion, 883; grass 
husbandry, 885; grazing, 883; green 
manuring, 885; hillside ditching, 886; 
improvement, 882r-883; legumes, 885; 
livestock improvement, 885; new hus- 
bandry, 885; pastures, 886; plaster, 
881, 885; sheep, 885; soil amendments, 
884-885; soil conservation, 886; soil 
improvement, 884; tillage methods, 
884-885 


North Africa, advance of desert, 37; agri- 
culture, 35, in Tunisia, 37; decline of 
agriculture, 38; durability some areas, 
37; end Roman supremacy, 38; erosion 
following neglect irrigation works, 37; 
famine, 36 ; fertile land about Carthage, 
35; grain about Carthage, 36, intensive 
cultivation, 35, in oases, 36; land- 
decline, 37; neglected irrigation struc- 
ture, 36; Phoenician agricultural 
colony, 35; plantation system, 35; 
water and population shifts, 38; water 
table, 37 ; wind erosion, 36 
North Pacific coast, area, 831; climate, 831; 
conservation, 883; erosion, 832, 833; 
geography, 831; land use, 833; national 
forests, 831; soils, 831-883 
Northern Appalachian, cover crops, 373 
Northern Appalachian Mts., erosion, 673; 
geography, 672; land use, 673; soils, 
673; topography, 672-673 
Northern Appalachian-New England area, 
area, 660; climate, 660-662; conserva- 
tion, 608-609, 664-666, 667; economic 
and social conditions, 669-670; erosion, 
662, 663, 665-666, 670; floods, 669; 
geography, 660; land use, 662, 664, 
665-666, 668-669; subdivisions, 660, 
661 (map) 

Northern Appalachian Plateau, geography, 
673; topography, 673-674 
Northern Brown plains, area, 766; climate, 
767; conservation, 767, 768; erosion, 
767-769; geography, 766; land use, 
767-768; range demonstration, 768; 
soils, 766-767; topography, 766; vege- 
tation, 767 

Northern Dark Brown plains, area, 764; 
conservation, 765-766; erosion, 765; 
geography, 764; land use, 765-766; 
soils, 765; topography, 765; vegetation, 
765 

Northern Ozarks, conservation, 719, 720, 
725; erosion, 720; geography, 718; land 
use, 718; soils, 718, topography, 718 
Northern Piedmont, area, 671; erosion, 671, 
672; geography, 671; land use, 672; 
soils, 671-672; topography, 671 
Northern Plains, conservation, 760; erosion, 
760; land use, 760; topography, 760 
Northern Rocky Mts., area, 817; climate, 
818; erosion, 818; geography, 817; land 
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use, 818; national forests, 818; national 
parks, 818; topography, 817-818; vege- 
tation, 818 

Norton, R. A., 206, 208 
Ndthling, I. J., 924 
Nurseries, 427-428 
Nyasaland, 926, 929 

O 

Oats, 215 

Ohio, 234, 236; soil changes, 234, 236, vege- 
tation changes, 284, 286 
Ohio River floods, 77-78, 82 
Oklahoma, erosion survey, 68; soil changes, 
228; vegetative changes, 228 
Open-field system, Britain, 42; Europe, 43 
Orchard grass, 387-388 
Oregon Plateau, area, 829; climate, 829; 
conservation, 829; erosion, 829; grazing 
districts, 829; land use, 829; soils, 829; 
topography, 829 

Organic matter, base exchange, 168; Colo- 
rado Basin area, 803; cover crops, 371; 
crop rotation, 345; depletion, 693; 
eroded and uneroded soil, 221; erosion, 
171; erosion and runoff, 160, 162; Great 
Lakes plain, 700; Great Plains, 739, 
741; infiltration, 203-204; microor- 
ganisms on, 167-168; nutrients, 168; 
Pacific Southwest Region, 855; pro- 
tective effect, 161-162; soil colloids, 
168; soil moisture, 171; soil structure, 
168, 171; source of humus, 168, of 
nitrogen, 168; structural efficiency, 222; 
subsoil, 220 

Oriental Institute, excavations in Mesopo- 
tamia, 23 

Orontes River, silting, 27 
Oryzopsis miliacea, 405 
Over-grazing, 16, 557, 896-897; ancient 
Italy, 34; area affected, 86; Australia, 
934; California, 250; East Africa, 
926-927; erosion, 86; Netherlands- 
India, 917; Pacific Southwest, 851, 
857; South Africa, 923; Southwest, 249 
Over-looked plants useful for erosion 
control, grasses, 396-407; shrubs, 408- 
416; succulents, 416-418; weeds, 418 
Overwash, 101, 112, 251 
Ownership of land, complexity in West, 
324-325 


Ozark Highlands, adaptable cover crops, 
374; area, 715; climate, 716; conserva- 
tion, 717; erosion, 717-718; geography, 
715 (map); land use, 717; soils, 717; 
subdivisions, 718-722; topography, 
717; vegetation, 716-717 
Ozark white cedar, 411-412 

P 

Pacific Northwest, adaptable cover crops, 
375; area, 814; climate, 816-817; ero- 
sion, 817; geography, 814; land use, 
815; runoff, 817; soils, 818; subdivi- 
sions, 814, 815; topography, 815-816; 
vegetation, 816-817 

Pacific Northwest wheat area, adaptable 
crops, 362; strip cropping, 362-363 
Pacific Southwest, adaptable cover crops, 
374; area, 834; climate, 834, 836; ero- 
sion, 835; geography, 834; land use, 
835-836; soils, 834-835; subdivisions, 
834, 835 (map); vegetation, 834 
Pack-rats, 589-590 
Page, L C„ 329 

Palatinate, effect of practices on erosion in 
U. S., 47 

Palestine, 904-905; agricultural traditions, 
27; climate, 25; decline of irrigation, 28; 
deforestation, 25; destruction irriga- 
tion works, 27; early irrigation, 26; 
erosion, 25, 28; floods, 25; land decline, 
28; reforestation, 25 
Palliser, John, 938 
Palmer, A. E., 938 

Palouse, area, 819; climate, 819; 823; con- 
servation, 822, 823-825; erosion, 820- 
824; land use, 820; runoff, 822; sedi- 
mentation, 821; soils, 819-820, 822; 
topography, 819; vegetation, 820 
Panicum antidotale, 406 
^Parent material (geologic), 300; rate soil 
formation, 301; soils, 301 
Park, Malcolm, 919 
Paschall, A. H., 72 
Passenger pigeon, 5, 572 
Pasture, early neglect Scotland, 46; Flemish 
influence, 44; improvement, England, 
44 

Pasture contouring, 436, 437, 438 
Pasture strips, 481 
Paulson, E. N., 249 
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Pausanias, 30 
Pavlychenko, T. K., 209 
Peel, T. C., 204 
Penck, W., 284 

Percolation, 198-199; effect erosion, 211; 
effect muddy suspension, 205; effect 
soil, 211; utilization moisture above 
level of, 211 

Percolators, 560-563, 789 
Permanent strips, 355 
Persia, revival of Babylonian agriculture, 22 
Persia (ancient), agricultural development, 
38-39; erosion, 39; evidence of former 
forests, 39; floods, 39; shifting desert 
agriculture, 39; silting, 39; soil and 
water conservation, 39; varying condi- 
tions, 39 
Persian Gulf, 17 

Persian Highlands, 17; erosion, 19 
Person, H. S., 329 

Peru, soil conservation, 48-49; bench ter- 
races, 48 

Peruvian guano, 878 
Peters, Eichard, 881-882 
Philippian terraces, 445 
Phoenician agriculture, 35 
Phosphoric acid in topsoil, 9 
Physical factors, 944-947 
Physical properties, relation to soil com- 
position, 169-170 

Piedmont, damage hy sedimentation, 255; 

soil and plant changes, 233-234, 236 
Pierce, David, 883 
Pierce, E. C., 264 

Pierre Shale area, area, 769; conservation, 
769; erosion, 769-770; geography, 769; 
land use, 769; soils, 769; topography, 769 
Pinchot, Gifford, 897 
Pioneer practices, 2-3 
Plant disease, relation to soil conservation, 
311 

Plant environment, affected by erosion, 226; 
inferiority of new, 235; soil and plant 
changes due to erosion, 235 
Plant food, affected by erosion, 76; in fer- 
tilizers, 10; loss by erosion, 10; relation 
decline Maya agriculture, 52; removed 
by erosion, 9; restored, 10; in topsoil, 9; 
value of, 10 

Plant growth, contrasts on eroded and 
uneroded soil, 222; effect of: erosion, 
226-228, soil environment, 226-227; 


relation to: effective moisture, 227, 
nutrients, 227 

Plant nutrients conserved by cover crops, 
371; effect of erosion, 229; (See also 
Plant food) 

Plantation system, in North Africa, 35 
Planting stock, 428 

Plants useful for erosion control; legumes 
for meadows, 390-393; leguminous 
pasture plants, 384-387; meadow 
grasses, 387-389; pasture grasses, 378, 
379, 380-384; winter cover crops, 394- 
396 

Plaster, 871, 881-882, 885 
Playa lakes, 746 
Pliny, 35; contouring, 33 
Plowing, contour, 876-878, 886; deep, 871- 
872, 874, 878, 885; diagonal, 886; early 
agriculture Scotland, 45; early Greece, 
29; eighteenth century improvement, 
44; fall, 872-873; shallow, 874; sub- 
soiling, 878; terraced land, 470, 471, 
472; trench, 878, 884 
Plums and cherries, 413 
Point rows, 473, 475 
Poland, erosion control, 909 
Polar climate, 184, 186 
Pollution, difficulty of isolating examples, 
263; relation to dissolved load of 
streams, 263 

Population, effect land use in Central 
America, 246 

Pore space, 176—177; clogged by sediment, 
278; diminution, Piedmont, 234; effect 
on infiltration, 204 ; relation to infiltra- 
tion, 201 

Porosity, capillary, 176; effect cultivation, 
208; noncapillary, 176; relation to 
structural efficiency, 222 
Post oak forest, affected by erosion, 228 
Potash in topsoil, 9 
Pothole erosion, 108 
Poverty grass, 418 
Prairie chickens, 572 
Prairie Parm Eehabilitation Act, 938 
Prairies, effect of grazing on erosion and 
vegetation, 242; plant and soil changes, 
237-239, 242 

Primitive farming, effect of environment 
on, 16; little effect oh erosion, 16 
Problem areas in soi^ conservation, 62 
(map), 63 
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Productivity, relation to erosion, 222 
Products of erosion, 253; (See also Sedi- 
ments) 

Public Works Administration, 334 
Puerco River, example of channel cutting, 
249 

R 

Rabbit brush, 418 
Rabbits, 572, 574, 934 
Ragweed, 418 
Railroad land, 796 
Railroads, damage by erosion, 87 
Rain shadow, 849-850 
Raindrops, effect of bare soil on, 85; 
effect of vegetation on, 85; effect on 
liquid, 99; effect on soil, 98-99; 
mechanics of, 99 

Rainfall, data on runoff and effects, 128; 
deficiency of averaged data, 188; 
effect of duration and intensity on 
erosion, 195; effectiveness, 132; in 
Europe, 12; interception by vegeta- 
tion, 124; loss by percolation, 84; 
loss by runoff, 84; part lost by evapora- 
tion, 85; patterns, 188; reappearance 
of percolated portion, 84; reduced 
penetration on exposed subsoil, 85; 
relation: duration to floods, 191, inten- 
sity to runoff, 132, runoff and erosion. 
Lower Missouri till area, 133-134, 
seasonal to erosion and floods, 191, 
relation to, erosion, 187-188, 191; 
flood on large watersheds, 191, mass 
movement, 187; runoff and erosion, 
Wisconsin nonglaciated area, 139-140; 
seasonal duration, 191; seasonal inten- 
sities, 191; spottiness, 188; storage 
in soil, 84-85; storage as xmderground 
supply, 84; types, 188 
Rainfall intensity, effect on erosion and 
runoff, 153-154; effect on suspension 
in runoff, 154 

Rainstorms, centers, 188; effect of intensity 
on floods, 190; effect of duration on 
floods, 190; effect on: erosion, 190, 
floods of small basins, 190; life history, 
189-190; patterns, 188; relation to 
erosion and floods, 188; types, 188, 190 
Eamser, C. E., 449, 454 


Randolph, Thomas Mann, 876 
Range, depreciation by erosion, 86 
Range burning, 923, 925-926, 932-933 
Range capacity, 249 
Range conservation, 897 
Range contouring, 438 , 439 , 441-442 
Range investigations, 898 
Range land, water spreading on, 560-562 
Range management, Australia, 934; Colo- 
rado Basin area, 783-790; Colorado 
Plateau, 797, 798 , 799-800; East 
Africa, 926; Great Basin, 838-842; 
Paciflc Northwest, 828-830; South 
Africa, 924; Southern Rocky Mts., 
813; Southwest coast, 857; South- 
western Mts. and Basins, 807 ; Wa- 
satch Mts. 809 , 810-811 
Range surveys, 784 
Raspberry, 415 
Ratcliffe, E. N., 935 

Reclamation, 260; Italy, 901-902; Japan, 
916 

Red clover, 390, 870, 872 
Red Plains, area, 743; conservation, 
745; erosion, 745; geography, 743; 
land use, 745; soils, 744; topography, 
744 

Red River area, climate, 710; conservation, 
710-711; erosion, 710; geography, 
710; land use, 710; soils, 710; topog- 
raphy, 710 
Reddick, H. E., 447 
Reddick terrace, 447-448 
Redding farm, Ohio, 72 , 73 (map) ; profile, 
74 

, Redtop, 380 
Reed canary grass, 388 
Reed grasses, 400 
Reforestation, 426 
Regular cropping strips, 353 
Research, cooperation, 942; coordinated 
land use, 941; drainage, 941; essential 
to program of soil and water con- 
servation, 314; flood control, 942; 
function, 942; land use, 942-943; 
permanent agriculture, 942; program 
of SCS, 943; sedimentation, 942; 
soil erosion, 940-943; specialized fields, 
942; water conservation, 940, 942 
Reservoirs, annual capacity loss by .sedi- 
mentation, 266; basin type, 266; 
channel type, 266; classification and 
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surveys, 265-266; damage by sedimen- 
tation, 254; depreciation by sedimenta- 
tion, 253; depreciation by siltation, 
79; difficulty of removing sediments, 
79; examples of depreciation, 79-80; 
examples of sedimentation: Buck, 
Byllesby, Scboolfield, and Washing- 
ton Mills, Va., High Rock, N. C., 
Lay, Ala., Lloyd Shoals, Ga., Parr 
Shoals, S. C., 267; heavy investment 
in, 264; high rate of sedimentation: 
Mountain Island, N. C., 268, Lakes 
Austin, Rogers, Worth, Tex., Taney- 
como, Mo., Lakes Decatur, Bracken, 
West Frankfort, and Calhoun, 111,, 
269, West .Gulf region, 268; high rate 
of silting in Keokuk, la., Great Plains, 
Elephant Butte, Zuni, and McMillan, 
N. M., 270, and California, 271; 
investments, 265; low rate sedimenta- 
tion, Lake James, N. C., 268, New 
England, 268, north of Virginia, 268; 
low rate of silting along shores, 271; 
number in U. S., 264; reduction 

storage capacity in Great Plains, 84; 
relation of silting to drought effects, 
84; sedimentation appraisal on regional 
basis, 265; shore erosion, 271-272; 
siltation, 78, 79; storage type (large), 
266; total capacity loss by sedimenta- 
tion, 266; wide distribution in U. S., 
264 

Resting, 870 

Retention (absorption) terraces, adapta- 
bility, 466-467; conservation of rain- 
fall, 467, 468; construction, 468, 
'469-470; cross section, 469; deter- 
minants, 467; mechanics, 466; pur- 
poses and advantages, 466; spacing, 
469-470 

Rhizobium organisms, 168 

Rhoades, H. F., 171, 174 

Rhodesia, 926 

Ribbing, 872 

Richardson, A. E. V., 934, 935 

Richardson, T. C., 614 

Ridge terrace, 449 

Ridging, diagonal, Scotland, 45; hori- 
zontal, Scotland, 45 

Rill erosion, criss-cross pattern, 100, 101; 
definition, 101; environment, 101-102; 
mechanics of, 100-101 


Rills, relation to cultivation, 75 
Ringland, A. C., 31 

Rio Grande, fioods and silting, 249-250; 
sedimentation of channel and flood 
plain, 272-273 

Rio Grande Interdepartmental Board, 807 
Rio Grande Plain, agriculture, 638; area, 
638; climate, 638; erosion, 638; soils, 
638; topography, 638 
Rio Grande project, 324 
Riprapping, 552, 555 
Roadcuts, effect of caving, 297 
Robert of Henley, 43 
Rock erosion, 94, 111 
Rodents, effect on erosion, 167 
Roman agriculture, 899 
Roman agricultural practices retained by 
ecclesiastics, 43 

Roman agricultural system, Britain, 41 
Roman cultivation, Britain, 43 
Roman Empire, 24 
Roosevelt, Franklin D,, 575 
Roosevelt, Theodore, 897 
Rotation, Midwest, 895; Norfolk type, 44 
Rough-stalked meadow grass, 403 
Row crops, 48; in Europe, 12; in U. S., 12 
Rowalt, E. M., 87 
Ruffin, Edmrmd, 878-879 
Rules for management of manors, 43 
Runoff, affected by: forest litter, 166, 
mulch, 166, stones, 166, weeds, 166; 
Cascades, 831; channels produced by, 
100; climate, 608; Columbia River 
plain, 826; control on unterraced 
land, 483; under cultivation, 477; 
ditches, 604; effect of: clear water, 
207, cropping practice, 160-161, cul- 
tivation, 208, erosion, 207, fire, 271, 
grass and forest, 162-163, manure, 
162, 210-211, muddy suspension, 207, 
organic matter, 162, overgrazing in 
California, 250, rotations on, 157-159, 
slope direction, 160-161, soil, 177, 
subsoil, 164-165, terrace grade, 451- 
452, terrace spacing, 451-452, tillage, 
210, topsoil, 164-165, vegetation, 
208-209; forest litter, 601-603; Great 
Plains, 731-7S2; gullies, 604, 607; 
highways, 604; increased by ac- 
celerated erosion, 82; land use, 603, 
604, 606; methods for retarding, 210; 
under natural conditions, 477; need 
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for control, 5J11; Pacific Northwest, 
817; Palouse, 822; reduced by crop 
rotation, S43-3414; relation of rates 
to floods, 196; relation to: climatic 
variables, 196, ground temperature, 
196, infiltration, 196, land condition, 
196, precipitation duration, 196, pre- 
cipitation magnitude, 196, precipita- 
tion soil moisture, 196, rainfall in- 
tensity, 153—154, season, 155—156, 
silt load, 154, slope, 140-151, slope 
length, 152-154, soil permeability, 
153; scouring by, 100; utilization of, 
211 

Runoff-disposal systems {see Channels) 
Russell, J. A., 204 
Russell, J. C., 171 

Russia, erosion, 910; erosion control, 909- 
910 

Russian thistle, 418 

S 

Saccaton flats, 787 
Sage grouse, 572 
Sahara, 931 
Saltbushes, 408, 409 
Salter, R. M., 225 
Samarra, erosion, 20 
Sand-bar willow, 415 
Sand dunes, 13, 833, 862-863 
Sandstorms, 873; Scotland, 46 
Saturated soil, 127, 202 
Sauer, Carl O., 283, 721 
Savage, D. A., 384 
Saxon fields, 42 
Saxon invasion, 41 
Scablands, 819, 827 
Scarification, 503 
Schuyler, J. D., 269 

Science and practice of soil conservation, 
940 

Scotland, early agriculture, 45-46; erosion, 
44; erosion of upland peat, 46; field 
shape, 45; sheep, effect on erosion, 46; 
similarity conservation methods to 
Washington, Jefferson, Randolph, 45; 
soil conservation, 45; wind erosion, 46 
Scott, J., 873 
Scour, 259 
Screes, 46 
Sease, E. C., 652 


Season, effect on: erosion and runoff, 
154-156, wind erosion, 155; need for 
information on effect on erosion and 
runoff, 156 

Second-growth, in Central America, 245- 
246; significance of Piedmont pine, 
233-234; in Southwest, 247 

Sediment, affected by assorting process, 
253; disposition of, 9, 253-254; effect 
on regimen of streams, 253; effects 
after assortment, 254; entering reser- 
voirs, 264-271; entrainment, trans- 
portation, disposition, 258; fertilizer 
value, 253; loads, 253; production by 
erosion, 253; protection against in 
flood control, 328; value to agriculture 
along Nile River, 253 

Sedimentation, 942; accelerated, 112; ac- 
celerated by erosion. Piedmont, 251; 
accumulation lag, 26; along Rio 
Grande, 273; Australia, 932-934; 
barriers to, 280; canals and ditches, 
273; Ceylon, 919; channels and effect 
on floods, water table, and overwash, 
272; channels, cities, harbors, reser- 
voirs, valley lands, 254; Colorado 
Plateau, 796; contribution by Rio 
Puerco, 273; cost along Mississippi, 
274; damage to: agricultural lands, 
270, flood plains and channels, 255, 
highways, 277, irrigated land, 277-278; 
definition of, 252; determination of 
costs, 280; effect of watershed burning, 
271; effect on: alluvial plain of Pied- 
mont, 251, fish and game, Guatemala, 
53, floods, 80, floods and watertable, 
275, Maya Empire, 54, natural and 
artificial waterways, 80, navigable 
streams, 80, Pearl and Tallahatchie 
Rivers, Mississippi, Arkansas, and 
Missouri, 275, pollution, Guatemala, 
53, public interests, 253, regimen of 
streams, 253, reservoirs, 253, trans- 
portation, Guatemala, 53; effects, 252; 
example on North Tyger River, S. C., 
276; examples of reservoirs, 266; 
flood plains and lower slopes, 280; 
flood plains of Ohio, 261; flood plains 
of Piedmont, 277-278; flood plains 
in Mississippi and South Carolina, 
276; high rates from cultivated water- 
sheds, 268; high rates in: Illinois, 
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Missouri, and Texas, 269, Iowa, 
Great Plains, and New Mexico, 270, 
California, 271; historical aspects, 
255; impairment of agricultural and 
public works, 253; improvement of 
lowlands, 260; increasing magnitude, 
252; investigations by SCS, 257; 
Italy, 900; Joventud Bajo, 53; La- 
fayette County, Miss., 274; lag, 260; 
low rates from forested watersheds, 
268; need for information, 257-259; 
Netherlands-India, 916; Pacific North- 
west, 821, 831; Pacific Southwest, 
861, 865; rates, 265; relation assorting 
process, 253; relation of deposits to 
flood changes, 81; Southern Rocky 
Mts., 813; Southwest, 249-250; South- 
western Mts. and Basins, 804-806; 
striking effect of Middle Rio Grande, 
272-273; studies by SCS, 252-253; 
survey criteria, 257; surveys, 256-257; 
upstream advance, 275; valley lands, 
260 

Sedimentation surveys, 279 
Sediments, barriers, 280; classes, 950; 
effect of: material from subsoil, 77, 
water and wind assorted material 
on agricultural land, 78; effect on: 
channels, 77, floods, 77, Ohio River 
bottom, 78, swamp, 77; example in 
South Carolina, 276; Palouse, 871; 
produced by erosion, 77; source, 280; 
utilization for soil improvement, 280 
Selective erosion, 111, 117 
Selenium problem, 770 
Selma chalk formation, 68 
Semiarid climate, 186 
Semple, E. C., 29, 33 
Servitudes, 906 
Settlement, 893 

Settlement of U. S., effect on land and 
vegetation, 2; era of empire building, 
4; governmental encouragement, 3; 
obstacles, 3 ; population absorption, 4 
Shale Till plain, conservation, 694; erosion, 
693; geography, 693; land use, 693; 
organic matter, 693; soils, 693; topog- 
raphy, 693 
Shaler, N. S., 887 
Shantz, H. L., 199 
Sharp, C. T., 102 


Sharpe, C. F. S., 191, 193, 194, 281, 282, 
284, 293, 297 
Shaw, C. P., Ill 

Shear, T. L., excavation at Corinth, 30 
Sheep, 902, 905; early Scotland, 46; effect 
on erosion, Scotland, 46 
Sheep bush, 412 
Sheep paths, 295 

Sheet erosion, action of, 98; difference 
from wind erosion, 97; effect on land, 
96; example in Kansas, 97; sus- 
ceptibility of land to, 96-97 
Sheet washing, 282 
Shipmast locust, 415 
Shore erosion of reservoirs, 271-272 
Short grasses, changes due to erosion, 245; 
Kansas plains, 245; time required for 
restoral, 245 
Shoshone project, 324 
Shoshone reservation, 769 
Sierras, climate, 842-843, 845; conserva- 
tion; 845; erosion, 843, 844; floods, 
845; forest fires, 844; land use, 844; 
national forests, 844; soils, 843; 
topography, 842; vegetation, 842, 845 
Sievers, F. J., 820 

Sdica-sesquioxide ratio, 169, 173, 178 
Silt, 253, 914; relation to water spreading, 
560; transportation hy Mississippi 
River, 9; (See also Sediment) 
Silt-detention basins, 278-279 
Silt-detention measures, 647 
Silt pits, 921 

Silting, Maya lowlands, 51; Persia, 39; 
reservoirs in relation to water supplies, 
84 

Simkhovitch, V. G., 340 
Sinclair, Sir John, 44-45 
Sinkhole topography (see Karst topog- 
raphy) 

Sirocco, 120 

Size of holdings, relation to land use, 327 

Skinner, John, 878 

Skipworth, H. 879 

Slater, C. S., 114, 171, 173, 176 

Sleeman, W. H., 917 

Slides, 287, 296 

Slipher, J. A., 225 

Slips, 287 

Slope, conservation surveys, 946; effect of: 
direction on erosion and runoff, 160- 
161, length on erosion, 154, length on 
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erosion and runoff, 151-153; effect on: 
erosion and runoff under clean tillage, 
143-151, suspension in runoff, 154; 
need for breaking length, 154 
Slovakia, erosion, 907; flood control, 907 
Slumping, 287, 288, 290; causes, 293, 294; 
effects, 293, 296; forms, 293; localities 
of action, 293; mechanics, 293; by 
terracettes, 295 
Sluter, Peter, 868 
Smalley, H, R., 10 
Smith, D. D., 208 
Smith, F. B., 204 
Smooth brome grass, 380 
Smuts, J. C„ 922 
Snake River canyon, 815 
Snake River plain, area, 827; climate, 
828; conservation, 828; erosion, 828; 
geography, 827; grazing districts, 828; 
land use, 828; soils, 828; topography, 
827-828 
Snakeweed, 418 
Snowberry, 416 
Social effects of erosion, 88 
Sod strips, 521 

Sodding, broadcast, 492; spot, 492; strip, 
492; techniques, 520, 621; types, 518 
Soil, conserved by crop rotation, 343-344; 
decline in U. S., 891-892; depth, 8; 
destruction, 8; effect of erosion on, 8; 
indispensable, 8; influence of climate, 
180; slow development, 8; storage 
capacity for water, 198-199; source 
of agricultural output, 11 
Soil aggregation, effect on: dispersion, 204, 
infiltration, 204, surface sealing, 204 
Soil amendments, early use, 877 
Soil and water conservation, accomplish- 
ments, relation to national welfare, 
337; acts pertaining to, 314; Ap- 
palachian Valley, 657-658; Black 
plains, 761-764; Blue Ridge, 654; 
Cascades, 831; Central Prairie area, 
689; Claypan prairies, 703-705; Colo- 
rado Basin area, 782-790; Colorado 
Plateau, 795-800; Columbia River 
plain, 827; comprehensive plan for, 
314; Congressional recognition, 314; 
Dark Brown Till area, 714; Depart- 
ment of Agriculture responsibility, 
314; early methods, 886; economic 
factors, 313; Edwards Plateau, 778- 


780; Edwards Plateau area, 773-774; 
essentials of national program, 314; 
floods, 596; Florida rolling sandy 
lands, 641; Fort Worth Prairie, 775; 
Great Plains, 732, 735-743; High- 
land Rim, 659; Indiana-Ohio plain, 
697, 702; Limestone-shale plain, 712; 
loess (prairie region), 706-710; Loess 
area, 630; Michigan-Wisconsin plain, 
699; Middle coastal plain, 626; Mis- 
sissippi- Alabama Black Belt, 629; 
Mississippi alluvial plain, 640; Mixed 
Till plain, 690-693; national program, 
313; Nebraska Sandhills, 770; North 
Pacific coast, 833; Northern Brown 
plains, 767-768; Northern Dark Brown 
plains, 765-766; Northern Plains, 760; 
Northern- Ozarks, 719-720, 725; Ore- 
gon Plateau, 829; Ozark Highlands, 
717; Palouse, 822, 823, 824, 825; 
Persia, 39; Pierre Shale area, 769; 
purposes, 313; Red Plains, 745; Red 
River area, 710-711; relation to: 
democratic process, 314, land char- 
acteristics, 313, one-crop system, 891; 
responsibility of government, 314; 
Shale Till plain, 694; Snake River 
plain, 828; social influences, 313; 
Southern Appalachian, 644, 647-653; 
Southern Brown plains, 753-757, 759; 
Southern Dark Brown plains, 746-751; 
Southern Ozarks, 722-724; Southern 
Rocky Mts., 813; Southwestern Moun- 
tains and Basins, 804-808; Texas 
Black Belt, 634-637; Upper coastal 
plain, 627; Wasatch Mts., 809-812; 
West Cross Timbers, 777; West 
Gulf coastal plain, 632-633 

Soil and water conservation program, 
action under soil conservation dis- 
tricts, 322 

Soil and water conservation in West, 
relation to: downstream resources, 
325, land values, 325, rainfall, 325 

Soil and water losses, comparable rates 
imder cover and tillage, 129-130, 
lower Missouri till area, 131; from: 
Allegheny-Ohio area, 146, 147, east- 
central Plains, 141, interior West- 
Gulf coastal plain, 141-142, Lower 
Missouri till area, 133-135, 136, 
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Missouri Valley loess, 137, 138 , Palouse 
region, 149, Red Plains, 143, southern 
Piedmont, 143-144, 146 , 146, Texas 
Black Belt, 148, Wisconsin non- 
glaciated area, 138-140; rates from 
important soils, 129-130 

Soil building, rate under: cultivation, 
163-164, forest, 163-164, grass, 163- 
164 

Soil classification, 911 

Soil climate, 227 

Soil condition, relation to floods, 83 

Soil conservation, determinants, 941; early 
’English agriculture, 44; effect on 
wildlife, 568, 576-582; erosion, 942; 
Europe, 48; long-range purpose, 899; 
permanent agriculture, 942; Peru, 
48-49; relation to: entomology, 308, 
insect control, 311, insect control by 
fire, 310, mass movement, 281; plant 
disease, 311; Scotland, 45; specialties 
used, 942 

Soil Conservation Act of 1935, 940 

Soil Conservation Bill, New South Wales, 
935-937 

Soil conservation districts, 322, 841; 

CCC cooperation, 323; Extension 
Service cooperation, 323; Govern- 
ment cooperation, 322-323; SCS co- 
operation, 322-323 

Soil Conservation Service, conservation 
program, 314; cooperation on Indian 
reservations, 324; cooperation with 
soil conservation districts, 324; coordi- 
nated program, 317-318; functions 
in executing conservation and land- 
use acts, 315; functions in executing 
soil and water conservation acts, 314 

Soil Conservation Service, Kenya, Africa, 
929 

Soil Conservation Service, New South 
Wales, 935 

Soil Conservation Service work on Federally 
controlled land, 324, 326; Gila, Navajo, 
Rio Grande, Shoshone projects, 324; 
techniques, 326 

Soil creep, 281; causes, 284, 286; climatic 
effect, 284; cultivation effect, 286; 
determinants, 282; effect of vegeta- 
tion, 284; evidence of, 282; gully 
effect, 282; mechanics, 286; obscured 
by vegetation, 282; spew frost effect, 


284-285; surface phenomenon, 282- 
284; topographic effects, 282-283 
Soil crust, 99 

Soil defense, responsibility, 14, of govern- 
ment, 15, individual, 15 
Soil deflation, 120 

Soil environment, -altered by erosion, 226; 
relation to: floods and siltation, 226, 
plant growth in Caribbean, 227, plant 
growth in U. S., 227, soil climate, 227 
Soil erosion, accelerated rate of soil removal, 
123; action of, 95; area affected, 
59-61; area unaffected, 59-60; char- 
acteristics of, 94; complexity of factors 
affecting rates, 126-127; cropland 
affected, 58-60; data, 128; deficiency 
of information, 127-128; distribution 
in U. S., 60, 65 (map); early recogni- 
tion in South, 55; effect of: dust 
storms on recognition, 55-56, soil 
profile on, 94; effects over long periods, 
95, over short periods, 95; environ- 
ment of, 94; examples, 64; examples 
in: Connecticut, 71 , Indiana, 69, 70 , 
Maine, 71 , New Mexico, 70 ; Ohio, 72 ; 
extent of damage, 56-57; grazing land 
affected, 58; land destruction, 67 ; 
life of soil under accelerated process, 
123; locally enforced recognition, 55; 
potential area of, 61; Providence 
cave, 66, 67 ; recent recognition, 

55-56; San Joaquin Valley, 69 ; severity 
in: Alabama-Mississippi Black Belt, 

67 , 68, Gulf Coastal plain, 66, Okla- 
homa, 67 , 68, Pacific Northwest, 

68, 69 , Piedmont, 64, 66; types, 123; 
wide distribution, 64 

Soil exhaustion, northern Europe, 43 
Soil exploitation, relation to: credit, 90, 
erosion, 89-90, tenancy, 90 
Soil exposure, effect on: erosion, 125, soil 
condition, 125 
Soil flowage, 281 

Soil moixture, available, 199; effect during 
drought, 210; effective supply, 201; 
evaporation effect, 196; rainfall effect, 
196; unavailable, 199 

Soil profile, 93 ; characteristics, 112-113; 

effect of sedimentation on, 111-113 
Soil renewal, slow rate under normal 
erosion, 122-123 
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Soil resource, national action for con- 
servation, 313 
Soil science, 307 
Soil slirinkage, 176 
Soil slippage, 281 

Soil structure, relation to: insects, 312, 
microorganisms, 312 
Soil swelling, 176 
Soil wastage in XJ. S., 7 
Soils, advanced weathering, 202; Allegheny- 
Ohio area, 674; Appalachian Valley, 
656; Aroostook, 683; base exchange 
capacities, 171; Black Plains, 760-761; 
Bine Mts., 830; Blue Ridge, 653; 
California coastal plain, 864-865; 
California Valley, 846-^850; capacity 
for water intake, 202; Central Prairie 
area, 686-687; changes in: Kansas 
plains, 242, southeastern Ohio, 234, 
236, southern Piedmont, 233-234, 
Texas Black Belt, 237-239; Claypan 
prairies, 702; color, 302; Colorado 
Plateau, 792-795; Columbia River 
plain, 827; composition effect on: 
erosion, 173, properties, 173; con- 
servation surveys, 946; Dark Brown 
TUI area, 713; Delaware-Susquehanna 
area, 677-678; density effect on infil- 
tration, 203; dispersion, 177; drought, 
242; Eastern Great Lakes area, 682; 
Edwards Plateau, 777; effect climate 
on distribution, 182; erosion in: Cen- 
tral America, 245-246, Great Plains, 
245, Kansas plains, 243, Southwest, 
248, southern Appalachians, 232; 
Finger Lakesr-Mohawk area, 681; 
Flatwoods, 639; floods, 251, 601; 

floods and sedimentation in South- 
west, 249-250; Florida rolling sandy 
land, 641; Fort Worth Prairie, 775; 
geologic material, 202, 301; geologic 
process, 299-302; Great Basin, 837; 
Great Lakes plain, 700; Great Lakes 
Timbered area, 699; Great Plains, 
727-728, 735; Gulf prairies, 640; 
Highland Rim, 659; Indiana-Ohio 
plain, 696-697; influence climate on 
development, 182-183; Lake Erie 
plain, 695; Limestone-shale plain, 
711; loess (prairie region), 705-706; 
Loess area, 629; mature, 183; Michigan- 
Wisconsin plain, 698; Middle Coastal 


plain, 624; Mississippi- Alabama Black 
Belt, 628; Mississippi alluvial plain, 
640; Mixed Till plain, 689-690; 
Nebraska Sandhills, 770; non-plastic 
clays, 169; North Pacific coast, 832- 
833; Northern Appalachian Mts., 
673; Northern Brown plains, 766; 
Northern Dark Brown plains, 765; 
Northern Ozarks, 718; Northern Pied- 
mont, 671-672; Northern Rocky Mts., 
818; Oregon Plateau, 829; Ozark 
Highlands, 717; Pacific Southwest, 
834-835; Palouse, 819, 821-822; Pierre 
Shale area, 769; plastic clays, 169; 
pore space, 177; Red Plains, 744; 
Red River area, 710; relation of 
physical properties Lo erosion, 170; 
Rio Grande Plain, 638; saturation, 
601; Shale Till plain, 693; Sierras, 
843; Snake River plain, 828; Sonoran 
area, 862-863; Southern Appalachian, 
643; Southern Appalachian Mts., 
657 ; Southern Brown plains, 753- 
754, 756; Southern Dark Brown 

plains, 746; Southern Ozarks, 721: 
Southern Piedmont, 645, 647, 649, 
652; Southern Rocky Mts., 813; 
Southwest coast area, 853, 856, 859; 
Southwestern Mts. and Basins, 803; 
storage capacity, 604; stream load, 
263; subsoiling, 502; Texas Black 
Belt, 634; Timbered Border area, 694; 
tropical clays, 169; types resistant to 
erosion, 169; Wasatch Mts., 810; 
West Cross Timbers, 777; West-Gulf 
coastal plain, 631 

Solid load, watershed determinants, 263 

Solifluction, 286-287 

Solution, 302 

Sonoran area, area, 861; climate, 861- 
862; erosion, 862; floods, 862; geog- 
raphy, 861, 863; irrigation, 862; 

land use, 862-863; soils, 862-863; 
topography, 861; vegetation, 861, 862, 
863 

Sorsby, N. T., 879 

Sour clover, 396 

South (after 1860), agricultural imple- 
ments, 889; Bermuda grass, 889; 
credit system, 887; deterioration, 
887; diversification, 888-890; erosion, 
887—891; fertilizers, 889; green manur- 
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ing, 889; gullying, 889; hillside (Etch- 
ing, 888-890; land use, 887; legumes, 
889; lespedeza, 889; rice planting, 888; 
rotation, 889-890; strip cropping, 
890; tenancy, 887; terrace, 890-891; 
terracing, 890 

South (early) Bermuda grass, 880; Colonial 
agriculture, 874-875; corn, 874; cotton, 
880; cowpeas, 880; diversification, 
880; early erosion, 874-875, 880; 

early methods, 878—879; early strip 
cropping, 878; green manuring, 877; 
methods conducive to erosion, 874; 
post-Revolutionary period, 877; til- 
lage methods, 874, 878; terracing, 
879; tobacco, 874; wheat, 874 
South Africa, 922-925 
South Carolina, soil and plant changes, 234 
Southern Appalachian, adaptable cover 
crops, 373; agriculture, 643-644; Appa- 
lachian Mts., 656-658; Appalachian 
Valley, 654-656; area, 642; Blue Ridge, 
653-654; climate, 643; conservation, 
644; geography, 642-643; Highland 
Rim, 658-659; land use, 644; Sand- 
stpne-shale Hills, 658; soils, 643-644; 
Southern Piedmont, 644-653; subdivi- 
sions, 642 (map), 643; topography, 643 
Southern Appalachian Mts,, conservation, 
657-658; erosion, 657-658; land use, 
657; soils, 657; topography, 657 
Southern Brown plains, area, 752; conser- 
vation, 753-757, 759; Dalhart-demon- 
stration, 756-757, 759; erosion, 753- 
754, 756; geography, 752; land use, 
753-757, 759; Smoky Hill River 

demonstration, 754-756; soils, 753-757; 
topography, 752-753 

Southern Dark Brown plains, area, 746; 
climate, 746; conservation, 746-751; 
erosion, 746, 761 ; geography, 746; 
Hereford demonstration, 747-748, 749 , 
760 , 751, 762 ; land use, 746-751; soils, 
746; topography, 746 

Southern Ozarks, conservation, 722 , 723 , 
724 ; erosion, 722, 724; geography, 721; 
land use, 721; soils, 721; topography, 
721 

Southern Piedmont, agriculture, 645-646; 
area, 644; Brown Creek demonstration, 
648-651; conservation, 647-653; drain- 
age system, 645; erosion, 645-646; 


fertilizers, 646; geography, 644; Little 
Beaver Dam demonstration, 647-648; 
Old Tobacco Belt, 651-653; soils, 645; 
topography, 644-645 
Southern Plains, survey of erosion, 74 
Southern Rocky Mts., area, 812; climate, 
813; conservation, 813; floods, 813; 
geography, 812; land ownership, 813; 
land use, 813; sedimentation, 813; 
soils, 813; topography, 812-813; vege- 
tation, 813 

Southern wood, 408-409 

Southwest, effects of grazing, 247-249 

Southwest coast area, climate, 853, 855, 

859- 860; conservation, 864 , 855, 857, 
868 , 859; erosion, 864 , 855-856, 867 , 

860- 861; floods, 855, 859-861; geog- 
raphy, 853; irrigation, 856; land use, 
853, 856-857, 859; national forests, 
859; recreation, 855; runoff, 855; sedi- 
mentation, 861; soils, 853, 856, 859; 
topography, 859; vegetation, 854-855 

Southwestern Mts. and Basins, area, 801- 
803; climate, 802-803; conservation, 
804-808; erosion, 803; floods, 805-806; 
geography, 801; Gila demonstration, 
804; land use, 804, 807; Bio Grande 
demonstration, 804; sedimentation, 
804-806; soils, 803; topography, 801; 
vegetation, 801 , 802 
Spain, 904 

Spanish Conquest, effect on agriculture of 
Peru, 50 

Sparhawk, W. N., 906 
Spew frost, effect on soil creep, 284-285; 
mechanics, 284, 286 , 286 ; relation to 
soil moisture, 285 
Spillway notch, 523 
Spillways, sodded, 518 
Spreader strips, 356 
Spur, Texas, expm’t. station, 565-566 
Squirrel, 574 
Stamp, L. Dudley, 931 
State agencies in conservation programs, 
333-334 

State Extension Services, cooperation on 
demonstration farms, 323 
State foresters, cooperation in Farm For- 
estry program, 316 
Stabbing, E. P., 916, 931 
Stein, Sir Aurel, 40 
Stepped crescents, 282, 283 
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Stevens, J. C., 270 
Stevens, W, W., 652 
Stock ponds, 544, 547 
Stockdale, Sir Frank, 925 
Stones, effect on erosion and runoff, 166 
Strahorn, A. T., 904 
Stream-flow, in Southwest, 249 
Streambank erosion, 831; damage by ice, 
549 ; in East, 550; economic aspects, 
550-551; increasing damage, 551; pro- 
tection measures: 552, anchored trees, 
663 , bank sloping, 566 , 556, blanket, 
552, 563 , 555, control of grazing, 557, 
jetty, 552, riprapping, 552, 666, vege- 
tation, 662 , in West, 660 
Straight plowing, 29, 33 
Stream load, climatic effect, 263; concen- 
tration in low-rainfall areas, 264; 
representative streams, 262; watershed 
determinants, 263 

Streams, characteristics of watersheds in 
relation to floods, 263; virgin condition, 
1 

Strele, G., 906 

Strip cropping, 342 ; aided by contouring, 
435; Canada, 938; comparison with 
other cultural methods, 349-350; early 
use of, 878; effects in Alabama and 
Texas, 349; examples, 347 , 348 ; his- 
tory, 346-347 ; principles, 346 ; purposes 
and advantages, 346; regional adapta- 
tion, 359-362; relation to insect con- 
trol, 310; rotation of strips, 354, 366 ; 
techniques, 350, 361 , 362 , 363 , 354, 
356; terraced land, 473, 474 ; types, 
346, 353, 355-357 

Structural efficiency, relation to character 
of soil, 222 

Structural erosion, 107 
Structure, changes in Southern Piedmont, 
234; effect of cultivation on, 168; effect 
on erosion^ 174 , 176 ; erosion, 176; 
infiltration, 176; measurement of, 174; 
organic matter, 168; percolation, 176; 
relation to erosion, 170; suspension, 
175 

Subhumid climate, 186 
Submarginal land, disposition, 327; man- 
agement, 327; objectives of purchase, 
327; work on 326-327 
Submarginal land program of SCS, action 
under: development, management, pur- 


chase, 315; legislative sanction, 315; 
purpose, 315 

Subsidence, effect on agricultural land of 
mining regions, 297 ; localities of action, 
297 

Subsoil, availability of moisture, 220; con- 
trast with topsoil, 228; cost of cultiva- 
tion, 220; effect when exposed on 
absorptive capacity and availability 
of moisture, 85; erosion and runoff, 
164-165; exposed by erosion, 76; 
intractableness, 219-220; humus, sup- 
ply, 220; plant environment, 228; plant 
growth, 226; productivity, 219; re- 
duced yields on, 176; sediments on 
agricultural land, 77; vegetative change 
in Oklahoma, 228; yields, 215-216, 
218, 222 

Subsoil clay, fracturing granular type, 172 ; 

fracturing plastic type, 172 
Subsoil farming, 10 , 75; effect of, 11 
Subsoilers, 496, 498, 600 
Subsoiling, 872, 878, 884-886; adaptability, 
498; early Greece, 29; effect on infiltra- 
tration, 208; extent of practice, 498; 
implements, 496 , 498; inadequate 

information, 498; moisture penetra- 
tion: on different soils, 602 , Great 
Plains, 601 ; plowing up buried soil, 
604 , 505; plowing up subsoil, 603 , 505; 
purposes, 496-498, 600 , 604 ; results, 
498-500; use of explosives, 503 
Substratum (parent material), effect on 
yields, 218 
Sudan grass, 389 
Sumacs, 413—414 

Summer fallow, Pacific Northwest, 826 
Sunflower, 418 
Surface drift, 503 

Surface litter, function in relation to infil- 
tration, 206; relation to surface water, 
206 

Surface sealing, 98-99, 175, 204, 206-207; 
mechanics, 100; relation to: erosion, 
100, infiltration, 100 
Surrell, A., 597 

Suspended solids, carried by representative 
streams, 262; streams of low rainfall, 
264 

Suspension, relation to surface sealing, 175 
Surveys, basic aspects, 944; detailed, 953; 
essential to program of soil and water 
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conservation, 314!; factors involved,' 
94!4-947; features naapped, 94!4--945, 
948-958; land use, 944-945, 953-955; 
land-use capabilities, 955, 967, 958; 
purposes and advantages, 944-945; 
reconnoissance, 955; techniques, 945- 
953, 954 (map), 955-957 
Swamp, possibilities of reclamation by 
sedimentation, 260 
Sweetclover, 385-386 
Switch grass, 405-406 
Swynnerton, C. F. M., 927 
Sybaris, erosion, floods, and decline, 31 
Syria, early water conservation, 24; irriga- 
tion, 24 

Syrup-pan dikes, 513 
Syrup-pan system, 566 

T 

Tabosa grass, 404 

Taiga climate, 184, 186 

Tall grasses, changes due to erosion, 245; 

Kansas Plains, 245 
Tanganyika, 926 

Tarim Basin, agricultural decline, 40; agri- 
cultural development, 40; buried fields, 
40; shifting agriculture, 40; silting, 40 
Taxes, relation to soil exploitation, 90-91 
Taylor, John, 877 
Taylor, T. U., 269 
Taylor Grazing Act, 828 
Temperature, erosion, 193, 195; mass move- 
ment, 193; weathering, 193 
Temporals, 558 
Ten Eyck, A. M., 735, 895 
Tenancy, relation to soil exploitation, 90 
Tennessee Valley Authority, 334 
Terrace, adaptability 446 ; adaptable slopes, 
455; adjustments, 465; advantages and 
disadvantages, 456; American, 445; 
Andean, 445; bench, 444-448; broad- 
base (Mangum), 449; California (Red- 
dick) type, 447-448; causes of failure, 
891; Ceylon, 921; channel, 455; con- 
struction, 459-466; costs, 466; cross 
section, 455; deficiencies, 447; deter- 
minants, 453, 456-459, 467; develop- 
ment, 449, 890; for drainage units, 
457; effect of: grade on erosion and 
runoff, 451-452, spacing on erosion and 
runoff, 451-452; for entire farms, 457; 


equipment, 460-461; • grade, 450-453; 
graded-channel, 444, 448, 450-466; 
hillside ditch, 446, 448-449; history, 
443, 448-449; length, 454— 455; level, 
444; maintenance, 471-473; Medi- 
terranean, 445; narrow-ridge, 449; 
Nichols, 449; outlets, 457; Philippine, 
445; place in coordinated erosion con- 
trol, 456; planning for 455-459, 461; 
relation to: adjacent land, 465, gullies, 
463; retention type, 466-467; spacing 
interval, 450-454; specifications, 453- 
455; spread of use, 449; supplements, 
456; uniform-grade, 450-452, 454; 

variable-grade, 450, 453-454 

Terrace agriculture, Guatemala, 53 

Terrace outlets, construction, 487, 488, 
494; failure, 478; location, 482, 485; 
planning for, 484; protection, 478, 485, 
487, 488, 489-490, 492-495; purposes, 
477; specifications, 485-486; types: 
absorption, accumulation, combina- 
tion, 481 ; use of meadows and pastures, 
485 

Terraced land, need for proper farming, 
470; plowing, 471, 472; point rows, 
473, 476; strip cropping, 473, 474 

Terracers, 461 

Terracettes, 295, 296, localities of action, 
296 

Terracing, adaptability, 453, 456-459, 467; 
adaptable slopes, 455; adjustments, 
469, 465; advantages and disadvan- 
tages, 456; aided by contouring, 435; 
construction, 444, 458-459, 460, 461, 
462, 463, 464, 466, 466, 467, 468, 469, 
470; Ceylon, 921; costs, 466; critical 
slopes, 358; determinants, 453, 456; 
early practice, 879; equipment, 460-' 
461; history, 443, 448-449; location, 
463; location of outlets, 457; me- 
chanics, 443-446; Midwest, 893; place 
in coordinated erosion control, 456; 
planning for, 455-459, 461; purposes 
and advantages, 443; relation to: 
adjacent land, 465, gullies, 463; spread 
in Southeast, 890; staking lines, 458, 
469; supplements, 456; timely com- 
pletion, 465; timing, 463, types: 
bench, graded-channel (interception- 
and-diversion, American, runoff-con- 
trol), level (interception-and-reten- 
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tion), 443-449; use in combination with 
other controls, 435-436, 444 
Texas, plant and soil changes due to erosion, 

Texas Black Belt, agriculture, 634-636; 
area, 633; conservation, 634-636; 637, 
cooperation, 636; Duck Creek denjon- 
strati on, 634-635; erosion, 634-635; 
geography, 633; plant and soil changes, 
236-237, 238, 239; soils, 634; topog- 
raphy, 634 

Texture, erosion and runoff, 170; relation 
to structural elB&ciency, 222; structure, 
170 

Theophrastus, 29 

Thornthwaite, C. Warren, 184, 186, 188, 
600, 729, 730 
Thorp, Jas., 911 
Throckmorton, R. I., 122 
Tiber River, floods, 32 
Tigris, floods, 21-22; irrigation, 17; relation 
to Euphrates, 19; silting, 17; valley 21 
Timber line, 906 

Timbered Border area, area, 694; geog- 
raphy, 694; soils, 694; subdivisions, 
694; topography, 694 
Timothy, 387 
Toboso flats, 787 
Todd, O. J., 912 
Tolman, C. P., 199 

Topography, climatic effect, 181 , 182-183, 
194; erosion and runoff, 164-165; rela- 
tion to : geologic material, 305, geologic 
process, 299; soil-creep effect, 282 
Topsoil, body of soil, 76; cultivation, 76; 
bumus and nitrogen effect, 220; insta- 
bility, 5; microorganisms, 76; moisture 
effect, 220; moisture supply, 76; plant 
growth, 226; plant nutrients effect, 220; 
productivity relation to subsoil, 219; 
relation to yield, 76, 215-216, 218; 
significance, 5; virgin, 1 
Towl, R. N., 275 
Townsbend, Lord, 44 
Transpiration, 198 
Treadwell, J, C., 246 

Tree planting, 424, 425-428, 429, 430, 873, 
876, 896 

Trench plowing, 878 
Tropical climate, 186 
Tsetse fly, 927-928 (map), 930 
Tull, Jethro, 44-45, 868 


Tundra climate, 184, 186 
Tunisia, agriculture, 37 
Tunnel erosion, 108 

Turbidity, bare surface, 206; clear water 
effect erosion and runoff, 207; clear 
water transport particles, 207; infiltra- 
tion, 204; muddy suspension erosion 
and runoff, 207; relation to infiltration, 
206; sealing effect muddy water, 204; 
soil aggregation, 204; vegetation, 205- 
206 

Turn strips, 357 

U 

Uganda, 928 
U-gullies, 507, 510 
Ukraine, erosion control, 909 
Underflow, 259 

Underground water, drought, 85; gullies, 
85; relation to geology, 307; subject to 
depletion, 85 

Undifferentiated erosion, 952 
Upper Coastal Plain, area, 626; erosion, 
627; geography, 627; land use, 627 
Ur, 17 

Urban areas, damage by sedimentation, 254 
U-shaped gullies, 102-103 
Utah, erosion in, 247 

V 

V-drag, 460-461, 473 
V-shaped gullies, 102-103, 507 
VanDersal, W. R., 568, 575 
VanHall, C. J. J., 930 
Varro, 33 

Vegetation, Australia, 934; Blue Moun- 
tains, 830; California Coastal Plain, 
863; California Valley, 849-850; Cas- 
cades, 831; Central America, 246; 
character on abandoned land, Southern 
Appalachians, 232; climate, 182; climax 
form, 182; Colorado Plateau, 795; 
condition in early America, 338; con- 
trolling effect on wind erosion, 192: 
damage by insects, 308; disturbance 
by white occupation, 338; Edwards 
Plateau, 778-779; Edwards Plateau 
area, 771-772; on eroded land Kansas 
Plains, 244, erosion and runoff, 208- 
209; Port Worth Prairie, 775; Great 
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Basin, 837-838; Great Plains, 728- 
729, 741; gully control, 516-518; 

heavy duty, 358; infiltration effect, 
206; Northern Brown Plains, 767; 
Northern Dark Brown Plains, 765; 
Northern Rocky Mts., 818, ob- 
scured by soil creep, 282; Ozark 
Highlands, 716-717; Pacific North- 
west, 816-817; Pacific Southwest, 
834; Palouse, 820; protection to land, 
338; raindrops, 85; relation to: floods, 
83, streamload, 263, turbidity, 206; 
renewal in Southwest, 247; root 
system, 208; roots on infiltration, 209; 
settlement, 2; Sierras, 842, 845; 

soil creep, 284; Sonoran area, 861-862; 
Southern Rocky Mts., 813; Southwest 
Coast area, 854-855, 859; South- 

western Mountains and Basin, 801, 
802, 803; time required for restoral 
Great Plains, 245; turbidity, 209; 
use in erosion control, 339; virgin, 
1, 4, 6; virgin grassland, Kansas 
Plains, 244; West Africa, 930; West 
Cross Timbers, 777; wildlife, 568- 
571, 577-578, 582, 584-585, 587, 

590-593 

Vegetative changes, abandoned land, 228; 
causes of, 233; Central America, 246- 
247; Corn Belt, 239-240; due to: 
erosion in Kansas Plains, 244, erosion 
in Oklahoma, 228, sedimentation, 
251; east Texas, 229; Great Plains, 
245; Kansas Plains, 242; Northern 
Piedmont, 235; sassafras in Indiana 
and Kentucky, 229; severe erosion on 
pine, 231; southeastern Ohio, 234, 
236; Southern Appalachians, 231-232; 
southern Indiana, 230-231; Southern 
Piedmont, 233-234; Southwest, 248- 
250; Texas Black belt, 237-239, 241 
Vegetative controls, conditions governing 
use, 339; principal methods, 339; 
soil and water conservation, 339; 
use of methods in combination with 
other controls, 339 
Veihmeyer, P. J., 199 
Veld burning, 923 
Velvet beans, 393 
Vetches, 394, 396 
Viljoen, P. R., 924 


Vine mesquite, 405 
Virgil, 32-33 

W 

Wagon-wheel ruts, 44 
Waksman, Selman, 167 
Wallace, A. R., 179, 180 
Wallace, Henry A., 575 
Warping, 260 

Wasatch Mountains, area, 809; conserva- 
tion, 809, 810-812; erosion, 811-812; 
geography, 809; land use, 809-810; 
soils, 810; topography, 809; Weber 
River demonstration, 810-812 
Wasatch Range, variation in runoff, 197 
Washes, 510 

Washington, George, 506, 875 
Water, damage to projects by sedimenta- 
tion, 253; depletion of supplies by 
erosion, 86; infiltration rate when 
clear, 204; infiltration rate when 
turbid, 204; of percolation, 199; 
relation to agricultitre, 86; size of 
particles carried by, 115-116; trans- 
porting power, 115-116 
Water conservation, 558-561, 662, 563- 
567; applicability, 567; floods, 606; 
need for in humid regions, 210; 
wildlife, 577-578, 683 
Water erosion, 95-96 ; classes, 949-951 
Water facilities program, 329-330 
Water facilities program of SCS, action 
under; development of plans, installa- 
tion, 316; legislative sanction, 315; 
purpose, 315; regional limitation, 316 
Water intake, 199, 206 
Water-retaining capacity, 201 
Water rights, 563 

Water spreading, adaptability, 559, 561; 
Colorado Basin area, 787-788; contour 
percolators, 560-561, 662; contouring, 
560-561, 662; development, 559; diver- 
sion, 561, 563, 666; limitations, 559; 
methods, 560-561, 662, 563-567; Paci- 
fic Southwest, 841; prehistoric use, 
558; principles, 559-560; purposes 
and advantages, 558; rationing sys- 
tem, 566-567; results, 664, 565; 

supplement to rainfall, 559; syrup- 
pan system, 666; worm spreaders, 562 
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Water-storage dams, capacity, 546-547 ; 
drainage area, 547 ; essentials, 544- 
546; location, 545-546; loss by evapora- 
tion, 547; loss by sedimentation, 547; 
materials, 546; purposes and advan- 
tages, 644; quality of water, 548; 
spillway specifications, 548 
Water supply, 780-732 
Water table, 198, 916; drought, 85; Nigeria, 
931; overgrazing, 250-251; vegetation, 
251 

Waterfall erosion, 108, 509 
Waterlogging, 250 

Watershed approach in flood control, 328 
Waterways, vegetated: purposes, tech- 
niques, 368, 369 , 370 
Waterways Commission, 612 
Weathering causes, 300-302; climate, 182; 

mechanics, 300; temperature, 193 
Weaver, J. E., 164, 240 
Weed system, 921 

Weeds, 417-418; erosion and runoff, 
166; in Great Plains, 245; relation 
decline Maya agriculture, 51 
Weeps, 563 
Weitz, J., 25 
Welton, P. A., 431 
West, rapid occupation of, 3-4 
West Africa, 929-932 

West Cross Timbers, area, 776; conserva- 
tion, 777; erosion, 777; land use, 777; 
soils, 777; topography, 776-777; vege- 
tation, 777 

West Gulf Coastal Plain, agriculture, 630; 
climate, 631; conservation, 632 (map), 
633; erosion, 631, 633; geography, 
630; soils, 631; topography, 630-631 
Western range, 896 
Weston, Sir Richard, 44 
Wet climate, 186 

Wet-land agriculture, northern Europe, 43 
Wex, Gustave, 597 
Wheat, yield to 1930, 214 
Wheat Belt, plant and soil changes, 242 
Wheat grasses, 397, 398 , 399 
White clover, 384, 386 
Wild olive, 411 
Wild rye, 401, 402 
Wild turkey, 572, 574 
Wilderness, conquest, 3 
Wildlife, abundance and scarcity, 572; 
agriculture, 576; birds, 594; controls, 


578- 591, 593-594; erosion, 671 ; farm- 

ing, 573-575; feeding stations, 588, 
689 ; fish, 571-572, 594; fish ponds, 
594; food, 568-569, 586-587; fur, 
576, 593; grazing, 574-575, 576, 585; 
habitat, 670 ; importance, 574-576; 
insects, 569, 574-575, 584; inter- 

relationships, 575; land use, 572, 
673 , 574-575; license fees, 576; mam- 
mals, 593; pack-rats, 589-590; plants, 
590-593; refuges, 590; relation of 
plantings to insects, 311; shelters, 
586-587, 589; sites, 578-580; species, 
593 

Wildlife conservation, beaver dams, 688; 
birds, 694 ; cooperatives, 589; cover, 
568-569; cruising radius, 569; edge, 
569, 681 ; education, 581; effects, 

579- 580; erosion, 671 ; farm planning, 

686, 686; farming, 573-575; feeding 
stations, 588, 689 ; fencing, 581; fish, 
571-572, 594; fish ponds, 594; food, 
568-569, 586-587; grazing, 574-575; 
habitat, 670 ; insect control, 569, 574- 
575, 584; limitations, 569; marsh 
management, 589; methods, 577-593; 
pack-rat dams, 589, 690 ; plants, 

684 , 590-593; purposes and advan- 
tages, 576; refuges, 690 ; requirements, 
568, 570; results, 694 , 595; season, 
568-569; shelters, 585-587, 689 ; sites, 
578-580; soil conservation, 568, 576- 
578, 679 , 681 , 682 ; species, 593; 
stream-bank protection, 587; struc- 
tures, 586-587; trees and shrubs, 585; 
vegetation, 568, 671 , 684 , 587; water, 
569; water development, 578, 580- 
582, 683 , 594; windbreaks, 587; 

woodland practices, 587 

Wilkerson, J., 889 
Willcocks, Sir William, 21 
Williams, W. R., 910 
Wilson, John A., 23 
Wilting point, 199 

Wind, assorting effect on soil, 192; me- 
chanics of in erosion, 192; relation to 
climate, 184; velocity effect on erosion, 
195; wide effect on erosion, 192 
Wind-drift, highways, 77 
Wind erosion, 9, 243, 700, 746, 751, 753, 
760; abrasive effect, 88; appearance 
in west, 894-895; arid regions, 192; 
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assorting effect on soil, 88, 117-120; 
Atlantic and Gulf Coastal Plains, 
621-622; Australia, 933-934; Canada, 
938-939; causes, 117-118; classes, 
950-952; Colorado Basin area, 782; 
control in humid regions, 120; control 
efforts, 895; crops, 192; deflation by, 
120; distribution, 192; dust storms, 
87; Edwards- Plateau area, 772; effect 
on: agriculture, 88, land, 88, people, 
88, structures, 88, vegetation, 88; 
extent of effects, 88; formation of 
desert pavement, 120; Great Plains, 
245, 734-735, 746-747, 761 , 762, 

765-766, 768, 770; ground drift, 88; 
hazards of, 120; increased hazard by 
exhaustion of humus, 121; land, 117; 
Lou Lan, Asia, 41 ; mechanics of 
116-118, 120, 192; muck land, 121; 
New England, 873; Nigeria, 931; 
North Africa, 36-37; not confined to 
low-rainfall regions, 120; Pacific North- 
west, 826, 833; Pacific Southwest, 
851; relation to: season, 155, topog- 
raphy, 120; removal of plant food, 
117; rock, 192; sandy soils, 192; 
Scotland, early, 46; Sonoran area, 
862; vegetation, 192-193 
Wind stripping, 346 
Winooski River, 549-551, 662 
Winter fat, 410 
Witherow, Samuel, 883 


Wolff, Simon E., 239 
Wood, Jethro, 883 

Woodland management, 430 , 431, 432 

Woolly finger grass, 407 

Works Progress Administration, 334 

Worn-out land, 213 

Wright, H., 121 

Wyoming Basin, 795 

X 

Xenophon, 29 

Y 

Yellow River, 912, 914 
Yields, as affected by erosion, 75-76; 
decline, 213-214; effect of: drainage, 
225, fertilizer, 217, improved machin- 
ery, 225, subsoil on, 76; Illinois, 215; 
maintained by crop rotation, 344-345; 
relation to: erosion, 213-214, improved 
techniques, 224-225j shifts in land use, 
223, shifts in land use in Ohio, 224, 
shifts in land use in Southeast, 224; 
on subsoil, 215-218, topsoil, 215-218; 
Yoder, R. E., 174 
Young, Arthur, 44 

Yucatan, decline early agriculture, 51 

Z 

Zoning, 701 



